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PREFACE  TO  SECOND  EDITION. 


I HAVE  endeavcurcd  in  this  Second  Edition  of  the 
Student  s Manual  to  come  a little  clo:cr  to  my  original 
conception  than  I was  able  to  do  in  the  first 

I have  to  renew  my  acknowledgments  to  my 
colleague  Dr.  W.  K.  Sullivan  for  assistance  in  the  part 
devoted  to  Chemistry  and  ^Mineralogy.  Since  tliat 
part  w’as  printed  off,  the  Glossary  of  ]\Iineralogy  ]>y 
another  old  colleague,  Mr.  W.  H.  Bristow,  has  l>cen 
published,  a little  work  which  the  student  will  find 
most  useful  to  him.  Its  late  appearance  prevente<l 
me  from  availing  myself  of  it  except  in  the  compila- 
tion of  the  index. 

In  the  other  portions  of  the  part  which  is  entitled 
Greognosy  I have  tried  to  improve  the  arrangement  in 
some  places,  and  in  others  have  introduced  some  new 
matter,  such  as  the  chapter  on  Orography.  The  part 
relating  to  mineral  veins  and  mining  has  been  kindly 
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looked  over  by  my  old  colleague  Mr.  Waringtoii  W. 
Smyth. 

An  interesting  and  instructive  work  on  the  lead 
mines  of  the  Alston  Moor  district,  entitled,  “ The  Laws 
which  regulate  the  deposition  of  Lead  Ore,”  has  since 
been  published  by  Mr.  W.  Wallace,  which  the  student 
will  find  an  important  contribution  to  our  knowledge 
of  this  subject,  and  one  directing  his  attention  into 
what  I believe  to  be  the  right  direction. 

My  colleague  Professor  Huxley  has  again  afforded 
me  his  valuable  help  in  the  classification  of  the 
Animal  Kingdom,  and  I am  also  indebted  to  the  books 
and  the  advice  of  Professor  Keay  Greene  on  this  part 
of  the  subject. 

By  the  Liberality  of  the  publishers  I have  l)een 
enabled  to  take  advantage  of  the  presence  of  Mr. 
AV.  H.  Baily  in  Lublin,  who  compiled  for  me  lists  of 
characteristic  fossils,  wliich,  with  some  modifications, 
are  those  given  in  the  third  part  of  the  work.  Mr. 
Baily  also  drew  on  the  wood  the  figures  which  make 
the  fifty  “fossil  groups”  by  which  that  part  is  illus- 
trated. To  the  names  of  the  fossils  which  are  not 
figured  in  them,  I have  appended  references  to  figures 
in  other  works,  choosing,  where  I could,  the  most  popu- 
lar books,  such  as  Lyell's  and  Phillips’s  Manuals,  and 
the  Tabular  View  of  Characteristic  British  Fossils  pub- 
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lished  by  the  Christian  Knowledge  Society ; but  where 
no  figuras  exist  in  such  works,  I have  referred  to  more 
recondite  sources,  such  as  the  publications  of  the 
Palaeontographical  Society,  Sowerby's  Mineral  Con- 
chology,  Sir  R I.  Murchison^s  Siluria,  and  others. 
Morris’s  Catalogue  of  British  Fossils  has  necessarily 
been  my  chief  guide  in  selecting  these  references  with 
respect  to  all  Post -Silurian  fossils,  the  catalogue  by 
Morris  and  Salter  in  the  last  edition  of  “Siluria” 
taking  its  place  for  those  of  the  previous  periods. 

I am  indebted  to  my  colleague  Mr.  G.  V.  Du 
Noyer  for  some  sketches,  and  for  the  di’awing  of 
some  of  the  diagrams,  but  most  of  the  latter  were 
drawn  by  myself,  which  will  in  great  measure  account 
for  the  roughness  of  their  execution.  • Tliis  rough  - 
ness, however,  is  not  altogether  undesigned,  since 
I wished  to  make  them  just  such  figures  as  a lecturc^r 
would  draw  on  his  black  board,  and  not  to  lead  the 
student  to  believe  from  any  care  discernible  in  the 
drawings,  that  they  were  intended  for  actual  repre- 
sentations of  existing  objects.  A diagram  is  merely  a 
condensed  explanation  addressed  to  the  mind  through 
the  eye,  instead  of  through  the  ear.  If  it  is  in- 
telligible, and  assists  the  verbal  description,  it  answers 
its  purpose;  it  is  a mistake  to  endeavour  to  convert 
it  into  a picture,  and  it  is  better  to  avoid  anything 
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calculated  to  mislead  the  mind  into  the  supposition 
that  it  would  have  been  one  if  the  draughtsman  could 
have  made  it  one. 

In  drawing  up  the  Index  I have  followed  the 
example  of  Professor  Owen  in  the  index  to  the  second 
edition  of  his  Palaeontology,  and  given  the  explanation 
of  words  derived  from  the  Latin  and  Greek.  I have 
also  marked  the  pronunciation  of  such  words  as  could 
possibly  require  it,  by  means  of  the  long  (-)  and 
short  (w)  marks  commonly  used  to  denote  the  quantity 
of  vowels. 

In  a science  of  pure  observation  like  Geolog}%  in 
which  the  facts  to  be  obser\"cd  are  of  so  many  dif- 
ferent kinds,  and  where  so  many  observers  are  at 
work  all  over  the  world,  constant  progress  must 
necessarily  be  made,  as  well  as  continual  con’cction 
and  improvement 

Any  one,  therefore,  who  endeavours  to  give  even 
so  slight  and  general  a sketch  of  it  as  is  contained  in 
this  Manual,  will  not  only  find  that  much  change  has 
taken  place  in  it  in  the  interval  between  the  renewal 
of  liis  attempts,  but  that  some,  perhaps  important, 
alterations  are  going  on  wliile  he  is  in  the  very  act  of 
writing. 

The  student,,  however,  will  find,  I hope,  no  im- 
portant part  of  the  science  entirely  neglected  in  the 
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work  now  placed  before  him,  and  something  in  each 
part  that  may  serve  to  lay  the  foundation  of  his 
future  studies. 

I beg  leave  to  add  that  any  criticisms  which  serve 
to  correct  errors  will  always  be  taken  as  favours, 
whether  publicly  or  privately  made.  I have  dis- 
covered some  mistakes  myself  while  going  over  the 
work  for  the  purpose  of  compiling  the  index,  and 
pointed  them  out  in  the  “ errata.”  Others  probably 
exist  which  have  escaped  my  eye,  independently  of 
those  ’ arising  from  imperfect  knowledge,  or  from  in- 
correct views. 
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It  is  not  easy  to  give  an  accurate  and  comprehensive  definition 
of  the  science  of  Geology  ; for  its  nature  is  so  complex,  and  various, 
that  it  is  difficult,  in  a few  words,  either  to  specify  its  object  or  to 
assign  its  limits. 

It  is,  indeed,  not  so  much  one  science,  as  the  application  of  all 
the  physical  sciences  to  tlie  examination  and  description  of  the 
structure  of  the  earth,  the  investigation  of  the  processes  concerned 
in  the  production  of  that  structure,  and  the  history  of  their  action. 

AVe  might,  perhaps,  without  impropriety,  classify  all  the  phy- 
sical sciences  under  two  great  heads,  namely,  Astronomy  and 
Geology.  The  one  would  comprehend  all  those  sciences  which 
teach  us  the  constitution,  the  motions,  the  relative  places,  and  the 
mutual  action  of  the  Astra,  or  heavenly  bodies  ; while  the  other 
singled  out  for  study  the  one  Astrum  on  which  we  live,  namely, 
the  Earth. 

Giving  this  wide  meaning  to  Geology,  it  would  include  all  the 
sciences  which  treat  of  the  nature  and  the  distribution  of  the  inor- 
ganic matter  of  our  globe,  as  well  as  those  which  describe  to  us  the 
living  beings  that  inhabit  it.  These  sciences  are — first,  that  of 
Chemistry  and  Mineralogy  (which  may  be  called  one),  which 
teaches  us  wdiat  are  the  elements  of  whicli  terrestrial  matter  is  com- 
posed, and  what  are  the  laws  which  govern  the  combinations  of 
those  elements  into  all  the  variety  of  known  substances,  solid,  fluid, 
or  gaseous,  and  the  forms,  properties,  and  qualities  of  those  sub- 
stances secondly,  the  science  of  Meteorology  and  Physical  Geo- 
graphy (which  may  also  be  looked  on  as  one),  which  describes  to 
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118  the  form  and  disposition  of  land,  and  water,  and  air,  and  the 
distribution  of  tlie  temperatures  and  motions  that  afleet  them  ; and 
thirdly,  that  of  Natural  History  (or  Biology,  the  science  of  life), 
including  botany  and  zoology  in  their  widest  signification. 

The  sciences  commonly  included  under  the  head  of  Physics, 
those  which  teach  us  the  nature  and  laws  of  magnetism,  electricity, 
light,  heat,  force,  and  motion,  would  be  common  ground  to  Geology 
and  Astronomy,  serving  to  bind  together  all  human  knowledge  of 
matter  and  its  laws  into  one  great  whole. 

In  giving  this  high  place  to  Geology,  I have  no  desire  unduly 
to  exalt  it  at  the  expense  of  the  other  sciences.  My  object  is  to 
shew  that  this  large  view  of  Geology  is  not  only  a true,  but  a neces- 
sary one,  and  that  if  we  do  not  sometimes  look  at  it  from  this  aspect, 
we  cannot  rightly  understand  nor  fully  appreciate  what  Geology  is. 

That  it  is  true,  is  shewn  by  the  very  fact  of  the  late  apj>earance 
of  geology  in  the  world  of  science.  It  was  not  till  some  very  con- 
siderable advances  had  been  made  in  all  the  physical  sciences  which 
relate  directly  to  the  earth,  that  geology  could  begin  to  exist  in  any 
wortliy  form.  It  was  not  till  the  Chemist  was  able  to  explain  to 
us  the  true  nature  of  the  mineral  substances  of  which  rocks  are 
composed  ; nor  till  the  Geogi’apher  and  the  Meteorologist  had 
explored  the  surface  of  the  earth,  and  taught  us  the  extent  and  the 
form  of  land  and  water,  and  the  powers  of  winds,  currents,  rains, 
glaciers,  earthquakes,  and  volcanoes ; nor  till  the  Biologist  (natura- 
list) had  classified,  and  named,  and  accurately  described  the  greater 
part  of  existing  animals  and  plants,  and  explained  to  us  their  phy- 
siological and  anatomical  structure,  and  the  laws  of  their  distribution 
in  space  ; — that  the  Geologist  could,  with  any  chance  of  arriving  at 
sure  and  definite  results,  commence  his  researches  into  the  structure 
and  composition  of  rocks,  and  the  causes  that  produced  them,  or 
utilise  his  discoveries  of  the  remains  of  animals  and  plants  that  are 
enclosed  in  them.  He  could  not  till  then  discriminate  with  cer- 
tainty between  igneous  and  aqueous  rocks,  or  between  living  and 
extinct  animals,  and  was  therefore  unable  to  lay  down  any  one  of 
the  foundations  on  which  his  own  science  was  to  rest 
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Neither  would  it  be  satisfactory  if  we  were  to  limit  the  science 
of  Geolofiry  to  any  period  of  the  earth’s  history ; to  assign  to  it,  for 
instance,  all  time  previous  to  the  existence  of  the  human  race,  and 
wei*e  to  unite  all  the  natural  sciences  under  it  up  to  that  time,  but 
then  consider  it  to  be  brought  to  an  end,  or  to  split  up  and  diverge 
into  the  many  independent  sciences  that  concern  our  cotemporary 
existences,  whether  organic  or  inorganic.  For  not  only  is  there  no 
trace  of  any  hard  bomidary  line  between  the  human  and  the  pre- 
human period  of  the  earth’s  natural  history  ; but  there  appears  in 
each  one  of  the  separate  natural  sciences  a perfect  blending  and 
continuity  from  the  remotest  geological  era  to  the  present  time. 
The  present  is  but  a part  of  the  past.  Tlie  inorganic  objects  we 
see  around  us  are  the  result  of  processes  going  on  in  past  time,  such 
as  are  still  at  work  producing  the  same  results ; the  living  beings 
around  us  are  either  the  direct  descendants  of  those  that  lived 
formerly,  or  their  substitutes  and  representatives,  the  living  and  the 
extinct  forming  parts  of  one  great  connected  series  and  chain  of 
species,  genera,  and  orders,  each  of  which  parts  would  bo  incom- 
plete without  the  other.  There  is,  therefore,  no  possibility  of 
making  any  division  in  geology  such  as  we  are  now  considering  it, 
or  assigning  any  limit  to  its  range  from  the  earliest  period  of  the 
earth’s  ascertainable  history  to  the  present  moment. 

Moreover,  as  there  is  no  natural  science  to  which  the  geologist 
lias  not  to  appeal  for  information  upon  some  point  or  other  in  his 
researches,  so  there  is  none  which  can  be  fully  and  completely 
studied  without  the  help  of  the  geologist,  or  without  including 
facts  or  theories  which  are  commonly  and  rightly  reckoned  parts  of 
his  peculiar  intellectual  domain.  If  he  has  to  call  upon  the  pro- 
fessors of  each  one  of  the  physical  sciences  in  turn,  for  assistance  in 
his  own  investigations,  he  is  sure,  sooner  or  later,  to  repay  the 
obligation,  by  the  discovery  of  a number  of  facts  that  enlarge  the 
boundaries  of  the  science  he  has  applied  to,  or  by  the  statement  of 
many  problems  whoso  solution  throws  light  upon  parts  of  it  that 
have  been  hitherto  imperfect  and  obscure. 

The  reader  must  not  infer  from  what  has  been  said,  that  in 
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order  to-  be  a geologist,  lie  must  be  thoroughly  acquainted  with  the 
whole  circle  of  the  physical  and  natural  sciences.  Such  universal 
acquirement  few  men  have  the  power  to  attain  to,  and  of  these 
still  fewer  retain  the  ability  and  the  will  to  make  original  advances 
in  any  particular  branch. 

No  man,  however,  can  be  a thorough  geologist  without  being 
acquainted,  to  some  extent,  with  the  general  results  of  other  sciences, 
and  being  able  both  to  understand  them  when  stated  in  plain  un- 
technical  language,  and  to  appreciate  their  application  to  his  own 
researches.  Such  a general  acquaintance  involves  neither  profound 
study,  nor  requires  any  great  power  of  mind  above  the  average  of 
human  intellect.  It  is,  indeed,  what  every  well-educated  man 
ought  to  possess. 

The  necessary  preliminary  to  the  science  of  Geology  is  not  the 
])ossession  of  great  and  accurate  knowledge  of  the  whole  circle  of 
the  natural  sciences  by  any  individual  persons,  but  that  this  know- 
ledge niust  exist  somewhere.  Some  man  or  men  must  have  this 
knowledge,  and  must  be  able  to  combine  it,  either  piecemeal  or  at 
(jiice,  with  the  special  knowledge  of  the  geologist,  before  the  latter 
can  hope  to  solve  the  many  dilHcult  and  profound  problems  that 
arise  in  the  course  of  his  researches. 

It  may  be  said  with  perfect  truth,  that  the  geologist  is  less  able 
than  any  other  student  of  science  to  pursue  his  investigations  alone, 
and  independently  of  the  assistance  of  others  ; but  this  is,  in  fact, 
only  saying  in  other  words  that  which  I am  insisting  on,  namely, 
that  geology  in  its  highest  and  widest  sense  embraces  aU  the  phy- 
sical and  natural  sciences,  and  is,  as  it  were,  made  up  of  them. 

If,  however,  this  wide  scope  be  properly  given  to  the  term 
geology,  and  it  be  made  to  include  every  physical  science  that 
treats  of  anything  belonging  to  the  earth,  what,  it  may  be  asked,  is 
the  special  business  to  which  the  geologist  devotes  himself  as  dis- 
tinct from  the  follower  of  other  sciences  ? "WTiat  is  that  which  he 
<locs,  and  the  others  do  notl  Above  all,  what  is  that  which  he 
teaches  to  the  rest  in  return  for  the  knowledge  communicated  to 
him  1 
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The  answer  to  these  questions  will  shew  us  that  there  is  another 
and  a more  restricted  sense  of  the  word  geology  than  the  wide  and 
general  one  in  which  we  have  been  using  it.  This  sense  is  rather 
the  one  formerly  attached  to  the  word  geognosy,  by  which  we  may 
understand  the  knowledge  of  the  nature  and  position  of  the  diffe- 
rent masses  of  earthy  or  mineral  matter  of  which  different  districts 
and  countries  are  composed,  without  reference  to  the  history  of 
their  production.  This  was  the  early  and  simple  meaning  of  the 
word  geology,  or  geognosy,  namely,  the  examination  and  descrip- 
tion of  the  different  varieties  of  rocks  and  the  minerals  they  con- 
tained. Geology  was  looked  upon  in  the  light  of  a geographical 
mineralogy,  and  oven  yet  it  is  regarded  more  or  less  under  this 
aspect  by  many  persons.  Ko  one,  indeed,  could  have  anticipated, 
from  the  mere  study  of  masses  of  stone  and  rock,  where,  to  a 
partial  and  local  view,  all  seems  confusion  and  irregularity,  the 
wonderful  order  and  harmony  which  arise  from  more  extended 
observation  and  the  almost  romantic  and  seemingly  fabulous  history 
which  becomes  at  length  unfolded  to  our  perusal.  To  discover  the 
records  on  which  this  history  is  founded,  and  to  understand  their 
meaning  aright,  frequent,  long-continued,  and  wide-spread  observa- 
tion and  research  in  the  field,  and  patient  and  conscientious  regis- 
tration and  comparison  of  the  observed  facts  in  the  closet,  are  abso- 
lutely necessary. 

The  collection  and  co-ordination  of  these  facts  is  the  proper  and 
peculiar  business  of  the  geognost.  The  ditch,  the  “ cutting,”  the 
quaiT}’,  and  the  mine,  the  cliff,  the  gully,  the  mountain-side,  and 
the  river-bank,  are  his  “ subjects^*  that  which  he  has  to  study,  to 
examine,  to  dissect,  to  describe  the  minutim  of  the  structures  they 
expose,  and  to  classify  and  arrange  the  facts  they  may  afford, 
depicting  their  lineaments  on  maps  and  sections,  and  recording 
them  in  \vritten  descriptions.  The  business  of  the  geognost,  then, 
is  to  make  out,  from  indications  observed  at  the  surface  and  in 
natural  and  artificial  excavations,  the  internal  structure,  the  solid 
geometry^  of  district  after  district,  and  country  after  country,  until 
the  whole  earth  has  been  explored’  and  described.  If,  while  so 
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doing,  ho  notes  all  those  facts  which  may  enable  him  or  others  to 
understand  and  explain  how  that  structure  has  been  produced,  he 
then  becomes  a geologist. 

It  might  at  first  be  thought  that  in  order  to  make  out  the  solid 
structure  of  lands  and  countries  it  would  only  be  necessary  to 
understand  the  nature  of  the  mineral  matters  of  which  they  were 
composed,  and  that  for  this  purpose  no  knowledge  of  organic  or 
living  beings  would  be  required.  It  is,  however,  one  of  the  most 
remarkable  results  of  geological  science  that  an  acquaintance  with 
organic,  and  especially  with  animal  forms,  is  at  least  as  necessary 
for  a geologist  as  a knowledge  of  minerals,  and  that  a correct  know- 
ledge of  organic  remains  (portions  of  fossil  plants  and  animals)  is  a 
more  certain  and  unerring  guide  in  unravelling  the  structure  of 
complicated  districts  than  the  most  wde  and  general  acquaintance 
with  inorganic  substances. 

The  cause  of  this  necessity,  puzzling  and  paradoxical  enough, 
perhaps,  at  first  sight,  may  be  briefly  stated  as  follows.  WTien  we 
come  to  examine  the  structure  of  the  crust  of  the  globe  we  find 
that  its  several  parts  have  been  produced  in  succession,  that  it 
consists  of  a regular  series  of  earthy  deposits  (all  called  by  geolo- 
gists rocks)  formed  one  after  another  during  successive  periods  of 
time,  each  of  great  but  unknown  duration.  Now,  the  mineral 
substances  produced  at  any  one  period  of  this  vast  succession  of 
ages  do  not  appear  to  have  had  any  essential  difference  from  those 
formed  under  like  circumstances  at  another.  We  cannot,  therefore, 
with  any  certainty  discover  the  order  of  time  in  which  the  series 
of  rocks  was  formed,  or  the  order  of  superposition  which  they 
consequently  preserve  with  regard  to  each  other,  from  an  examina- 
tion of  their  mineral  character  or  contents  only.  The  tmimals 
and  plants,  however,  living  at  one  period  of  the  earth’s  history 
were  different  from  those  living  now,  and  different  from  those  living 
at  other  periods.  Tliere  has  been  a continuous  succession  of  dif- 
fenuit  races  of  living  beings  on  the  earth  following  each  other  in  a 
certain  regular  and  ascertainable  order,  and,  when  that  order  has 
been  ascertained,  it  is  obvious  that  we  can  at  once  assign  to  its 
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proper  period  of  production,  and  therefore  to  its  proper  place  in 
the  series  of  rocks,  any  portion  of  earthy  matter  we  may  meet  with 
containing  any  one,  or  even  any  recognisable  fragment  of  one,  of 
these  once  living  beings. 

Just  as  when  we  find  under  the  foundation-stone  of  any  ancient 
building  a parcel  of  coins  of  any  particular  sovereign,  we  know 
that  the  erection  of  that  building  took  place  during  his  reign,  so 
when  we  find  a fragment  of  a known  “ fossil”  in  any  piece  of  rock, 
we  feel  sure  that  that  rock  must  have  been  formed  during  the 
period  when  the  animal  or  plant  of  which  that  fossil  is  a part  was 
living  on  the  globe,  and  could  not  have  been  formed  either  befoix* 
that  species  came  into  existence,  or  after  it  became  extinct.*  In 
cases,  therefore,  where  the  original  order  of  the  rocks  has  been 
confused  by  the  action  of  disturbing  forces,  or  where  the  rocks 
themselves  are  only  at  rare  and  wide  intervals  expost'd  to  view, 
their  periods  of  deposition  and  consequent  succession  in  suj>er- 
position  may  l)e  more  easily  and  certainly  ascertained  by  the 
examination  and  determination  of  their  fossil  contents  than  by  any 
other  method. 

Practically,  it  has  been  found  that  while  a very  slight  acquain- 
tance with  the  most  ordinarv  forms  of  some  ten  or  a dozen  of  the 
most  frequently  occurring  minerals  is  all  that  a geologist  must 
inevitably  learn  of  mineralogy,  the  number  of  fossil  animals  and 
plants,  with  the  forms  and  the  names  of  which  he  will  have  to 
make  himself  familiar,  will  often  have  to  be  reckoned  bv  hundreds. 

This  branch  of  geological  knowledge  is  now  known  under  the 
name  of  Paleontology. 

Perhaps,  however,  the  tendency  of  late  years  has  been  t<> 
neglect  to  too  great  an  extent  the  bearing  of  mineralogical  know- 
ledge on  geology.  There  are  many  subjects  on  which  we  have  still 
to  ask  the  chemist  and  mineralogist  to  enlighten  us. 

One  deficiency  which  is  particularly  obvious  in  Britain  is  the 
want  of  a good  and  precise  nomenclature  of  rocks,  and  especially  of 

* The  very  rare  and  fixceptionnl  cnacs  in  which  ancient  coins  may  Iiave  been  deiK>KiU*<l 
in  the  foundation  of  a recent  building,  or  fossils  originally  in  one  rock  may  iinvc  l*ecn 
washed  out  of  it  and  Imried  in  anutlicr,  need  not  more  than  a passing  notice. 
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igneous  rocks.  Since  the  publications  of  Jameson  and  Maculloch, 
no  attempt  has  been  made  in  English  to  supply  this  deficiency, 
and  to  bring  up  our  lithological  nomenclature  to  the  present  state 
' of  chemical  and  mineralogical  knowledge.  Several  works,  how- 
ever, have  lately  appeared  in  German,  which  have  treated  the 
subject  of  rocks  more  or  less  satisfactorily,  as  those  of  Nauman,  of 
Bernhard  Cotta,  and  of  Senft.  Tliese  works  have  been  consulted, 
and  some  of  their  matter  used  in  the  lithological  descriptions  intro- 
duced into  this  work,  while  their  arbitrary  classification  and 
arrangement  of  rocks  has  been  made  more  simple,  and,  as  appears 
to  me,  more  natural. 


Distribution  of  the  Subject. 

Ill  order  to  reduce  the  great  subject  of  geology  to  something 
like  order,  it  appears  advisable  to  diWde  it  into  three  heads,  for 
which  we  may  use  the  terms — 1,  Geognosy  ; 2,  Palaiontology  ; and 
3,  The  History  of  the  Formation  of  the  Series  of  Stratified  Bocks. 

This  will  enable  us  to  describe  separately  those  general  facts  in 
structure  which  either  are  or  may  be  common  to  the  rocks  of  all 
ages,  and  those  general  laws  which  regulated  the  distribution  of 
life  in  all  epochs  of  the  world’s  history,  and  leave  us  free  to  give  a 
condensed  statement  of  the  third  part  without  stopping  to  describe 
special  instances  of  general  facts. 

By  Geognosy  1 would  understand,  then,  the  study  of  the 
structure  of  rocks  independently  of  their  arrangement  into  a 
(chronological  series,  and  I would  divide  it  into  two  parts — Lithologj* 
and  Petrology.  By  Lithology  I would  mean  the  study  of  the 
internal  structure,  the  mineralogical  composition,  the  texture,  and 
other  charactei*s  of  rocks,  such  as  could  be  determined  in  the  closet 
by  the  aid  of  hand  specimens. 

Under  Petrology  I would  arrange  the  larger  characteristics  of 
rocks,  the  study  of  rock-masses,  their  planes  of  division,  their 
fonns,  their  positions  and  mutual  relations,  and  other  characters 
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that  can  only  be  studied  in  “ the  field,”  but  without  entering  on 
the  question  of  the  geological  time  of  their  production. 

Under  the  head  of  Palajontology  I should  wish  to  give  the 
heads  of  several  great  questions  as  to  the  laws  which  have  governed 
the  distribution  of  life  both  in  space  and  in  time,  a.s  also  to  indicate 
some  of  the  chief  points  in  the  structure  of  the  more  important 
extinct  races,  and  their  relations  to  those  now  living.  I shall  also 
endeavour  to  point  out  the  practical  bearings  of  this  subject,  both 
scientific  and  economical. 

Having  thus  described  under  separate  heads  facts  and  generali- 
sations common  to  the  whole  subject,  and  structures  and  phe- 
nomena which  may  recur  during  every  geological  period,  I shall, 
under  the  head  of  “ History  of  the  Formation  of  the  Crust  of  the 
Globe,”  give  a condensed  abstract  of  that  history,  in  the  form  of  a 
chronological  classification,  mentioning  some  of  the  princij>al  and 
typical  groups  of  rocks  known  to  have  been  produced,  and  a few  of 
the  more  common  and  best  marked  fo.ssils  which  lived  at  different 
parts  of  the  earth  during  each  of  the  known  great  periods  of  its 
existence. 


PART  I. 


GEOGNOSY. 

f 

SECTION  I.  — LITHOLOGY. 


CHAPTER  L 

CHOIISTRY  AND  MINERALOGY. 

Lithology,  or  the  study  of  the  mineral  structure  of  i*ock.s,  is  ba.sed  on 
mineralogy.  For  a knowledge  of  mineralogy  the  student  must  have 
recourse  to  special  w'orks  upon  the  subject,  as  for  instance  to  those  of 
Nicol,  Dana,  Phillip.s,  Miller,  Brooke,  and  Mitchell  and  Tennant.  But 
for  the  proper  understanding  of  mineralogy,  .some  knowledge  of  cliemistiy 
is  essential.  This  must  be  gained,  not  only  from  books,  but  from  study 
in  the  laboratoiy.  Gmelin’s  Handbook,  translated  for  and  published 
by  the  Cavendish  Society,  contains,  perhaps,  the  most  full  and  accurate 
details  on  the  chemical  |>art  of  mineralog}'. 

In  order  to  understand  litholog)’’,  however,  an  acquaintance  with  the 
whole  science  of  mineralogy,  though  always  useful,  is  by  no  means 
necessary,  since  the  minerals  which  are  the  essential  constituents  of 
rocks  are  very  few  compared  with  the  whole  number  of  minerals. 
There  are  two  methods  of  studying  mineralog}’,  one  giving  principal 
attention  to  the  external  characters  and  jdiysical  propertie^i  of  minerals  ; 
the  other,  laying  most  stress  on  their  intenial  chemical  compo.sition. 
Tlie  former  gives  us  the  readiest  means  of  determining  the  different 
kinds  of  minerals,  but  for  investigating  the  miiieralogical  constitution  of 
rocks,  the  latter  is  the  more  important  of  the  two,  since  it  teaches  us 
not  only  what  the  minerals  are,  but  how  they  were  produced.  It  i.s, 
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thercfon',  abjsolutelv  necessiirv  to  undon^tand  so  mucli  of  cdiemical 
noTiienclature  and  chemical  laws  as  shall  enable  us  clearly  tf)  c-ompre- 
hen<l  the  j)recise  meiining  of  the  tenns  describing  this  chemical  com- 
position. 

As,  however,  geologists,  from  the  very  nature  of  their  j)ui-suits,  are 
unable  to  devote  much  of  their  time  to  closet  studv  or  laboratorv  work, 
unless  at  the  expense  of  their  own  inoi-e  ]»roper  field  of  investigation,  I will 
here  endeavour  to  assist  the  student  bv  <dving  him  a condensed  abstract 
of  so  much  of  the  elements  of  chemical  mineralogy  as  may  be  sutficient 
for  this  purpose. 

Every  true  mineral  has  a definite  chemical  composition,  and  a 
certain  lagular  form,  each  of  which  is  both  prt)duced  and  modified  ac- 
cording to  general  laws. 


1.  Laws  of  Composition. 

A.  Simph  Bodies. — All  substances  are  either  simple  or  comjwnind. 
If  simple,  they  are  some  of  the  sixty  enumerated  in  the  following  table, 
in  which  the  letters  preceding  the  names  are  the  symbols  ordinarily  used 
for  them,  the  figures  following  some  of  them  are  their  specific  gravities, 
and  the  italic  letters  after  a few,  indicate  their  ordinary  physical  state — 
//.  meaning  gaseous,  and  1.  liquid,  the  rest  being  all  solid. 

The.se  simide  or  dementan/  substances  are  aminged  in  this  table  by 
my  friend  and  colleague.  Dr.  W.  K.  Sullivan,  in  an  order  adai>twl  merely 
to  shew  the  relations  which  are  stated  in  it.  Other  onlei's  of  arnmge- 
ment  may  be  used  for  other  purpo.ses.  Carbon,  for  instance,  might  be 
cla.ssed  with  Silicon  and  Boron,  since  they  are  in  some  respects  closely 
allied,  all  three  having  been  found  in  three  states,  namely,  {imorphous, 
crystallised  in  the  regular,  and  crystallised  in  the  hexagonal  systems, 
and  diamonds  of  Silicon  and  Boron  are  known,  as  well  as  those  of 
Carbon. 

B.  Compound  Substances. — All  other  substances  are  combinations 
of  two  or  more  of  the  simple  substances  contained  in  Table  I.  A com- 
bination is  not  a mere  7ninrflinff  of  two  substances  producing  a mixture 
intermediate  between  the  two,  but  a union  i)roducing  a third  substance 
different  from  either. 

Tliese  combinations  do  not  take  place  indifTerently,  but  according 
to  certain  strict  rules  or  laws,  of  which  the  two  following  are  the  most 
important. 

1.  Elective  affinity. — One  substance  will  combine  with  another  in 
jweference  to  a third,  or,  in  some  cases,  in  ]>refer«:*nce  to  any  other. 
Tliis  preference  is  denoted  by  the  tenii  “ elective  affinity.” 
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'TABLE  I. — List  of  Elementary  Bodies. 


Metalloids. 

Organ  ogena  (forming 
animal  and  vegetable 
hoilies.) 

O.  Oxygen,  g. 

H.  Hydrogen,  g. 

N.  Nitrogen  g. 

C.  Carbon.  3.5 

Amphigens  {whose  com- 
j imuiuh  with  other  ele- 
1 ments,  possess  amarked 
I dualism,  i.  e.,  so7ne 
strongly  acid,  some 
strongly  basic.  Oxygen 
is  amphigenous  also). 

S.  Suloliur.  2.0 

Se.  Selenium.  4.3 

Te  Tellurium.  G.2 

Halogens  {forming  salt- 
like  bodies  with  metals. 


us  common  salt). 

F.  Fluoiine.  g.  ? 

I Cl.  Chlorine. //.  1.3 

Br.  Bromine.  1.  2.9 

' I.  Iodine.  4,9 

I Phosphoroids. 
i P,  Phosphorous.  1.7 

I .\s.  Arsenic.  5.9 


Hyalogens  (glass  - for- 
! mers,  because  the  salts 

I in  trhich  their  oxides, 

j Silica  and  Boracic 

j acid,  act  as  acids,  fuse 

into  glass  at  a high 
temperature). 

B.  Boron. 

Si.  Silicon.' 


Metals. 

1.  Which  decompose 
water  at  ordinary  tern-  ■ 
peratures.  j 

(a)  Whose  protoxides  are 


alkalies. 

K.  Potassium. 

0.86 

Na.  Sodium. 

0.97 

lii.  Lithium. 

0.59 

(6)  Whose  protoxides  are 

alkaline  earths. 
Ba.  Barium. 

4.0? 

Sr.  Strontium. 

2.54 

Ca.  Calcium. 

1.57 

Mg.  Magnesium. 

1.74 

2.  Metals  whose 

oxides 

are  earths. 

Al.  Aluminium. 

2.67 

G.  Glucinum. 

2.10 

Zr.  Zirconium. 

Y.  Yttrium. 

Tb.  Terbium. 

E.  Erbium. 

Th.  Thorinum.  j 

3.  Metals  whose  oxides\ 

resemble  earths. 

Ce.  Cerium. 

La.  Lanthanum. 

1).  Didvmium. 

• I 

! 

4.  Metals  whose  pro-  j 
toxides  are  isornor- 
phous  icith  magnesia. 


Mn.  Manganese. 

8.01 

Fe,  Iron 

7.84 

Co.  Cobalt. 

8.95 

Ni.  Nickel. 

8.82 

Zn.  Zinc.  7.14 

(./’d.  Cadmium.  8.60 

Cu.  Copper.  8.92 

Pb.  Lead.  11.44 

5.  Metals  isomorphovs 
with  phosphorus  and 
arsenic. 

Sb.  Antimony,  6.71 

Bi.  Bismuth.  9.80 


6.  Metals  not  included  in 
foregoing  whose  oxides 
are  not  reduced  by 


heat  alone. 

St.* *  Tin,  7.29 

Ti.‘  Titanium.  5.33 

Cr.*  Chromium.  7.01 

V. *  Vanadium, 

W. *  Tungsten.  17.60 

Mo'*  Molybdenum.  8.62 
Os.^  Osmium,  10,00 

U.  Uranium.  9.0 

Ta,  Tantalum. 

Nb.  Niobium. 


7.  Noble  metals,  or  those 
whose  oxides  are  re- 
duced by  heat  alone, 
and  which  are  usually 
found  native,  and 
rarely  or  never  com- 
bined with  oxygen. 


Hg.  Mercury.  13.59 

Ag.  Silver.  10.53 

Au.  Gold.  19.34 

Pt.  Platinum.  21.50 

Pd.t  Palladium.  J 1.80 
Ir.t  Iridium.  21.80 

Rt  Rhodium.  11.20 


Hu.f  Ruthenium.  8.60 


I 


* Silicon  is  now  shewn  distinctly  not  to  lie  a metal,  but  to  be  nearly  allied  to  cnrlKui  in 
some  of  its  i>roperti<*s.  It  will  combine  with  the  ineLnls  like  carbon,  esjHjcially  with 
aluminium,  fonning  cast  cUuminimn,  ns  carlxjn  and  iron  form  cast  iron. — Compics  Jteiulus, 
LS54,  p.  321. 

* Those  marked  thus  have  isomonOiic  ndations  with  the  metals  that  are  isomori)houa 
with  magnesia. 

t These  are  found  associated  in  native  platinum. 
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By  means  of  this  afiinity  some  comhiiiations  may  be  iheomposed. 
If,  for  instance,  there  be  a compouml  substance,  X,  comjwsed  of  two 
simple  substances  a ami  b,  of  which  a luw  a greater  afiinity  for 
another  simple  substance  c tlian  it  has  for  then,  if  we  bring  tliis 
tiiircl  substance  into  amnection  with  X,  under  tlie  recpiisite  conditions, 
a will  unite  witli  c to  form  another  compound  substance  Y,  while  tlie 
siinjde  substance  b will  be  left  free. 

2.  Defnite  projwrtion. — Simple  substances  not  only  have  an  elective 
(iffinity  for  each  other,  but  their  combinations  take  place  only  in  cerUiin 
definite  proj)ortions  with  each  other.  In  that  combination,  for  insUince, 
of  tlie  gases  oxygen  and  hydrogen,  wliich  produces  water,  eight  parts  by 
weight  of  oxygen  combine,  with  one  part  by  weight  of  hydrogen,  any 
surplus  of  either  that  might  be  present  remaining  unused. 

Efpiivalents. — Tlie  numbers  denoting  these  projiortions  are  called 
the  eipiivalent  numbers,  8 being  the  ecpiivaleiit  of  oxygen  and  1 that 
of  hvdi  ogen.* 

The  CMpiivalents  of  the  coinjiound  substances  are  the  sums  of  those 
of  their  elements  ; thus  the  equivalent  of  water  is  (8  + 1 =)  9. 

B 1.  Primary  compounds. — The  union  of  two  .simple  substances  is 
termed  a binary  (twofold)  compouml,  or  may  be  called  a iirimary  com- 
jxmnd,  as  denoting  the  frst  possilile  combination. 

The  two  substances  entering  into  combination  are  alwavs  considered 
as  in  ojiposite  electrical  conditions,  one  being  electro-negative  and  tlie 
other  electro-positive. 

The  generic  name  of  a priniarv  (or  binary)  com}K)iind  is  fonned  by 
adding  the  affix  ide  (or  ureti)  to  the  first  sylhible  of  the  name  of  its 
electro-negative  element,  placing  after  it  the  name  of  the  other  element 
with  the  word  of  between.  Thus — 


The  Coniijouuds 
of 

Are  termed 

E.\niii])lc. 

SjTnl)ol. 

0.xygen. 
Carbon.  -j 

Sulphur.  1 

Fluorine. 

Chlorine. 

Oxides. 

Carbides,  or  car- 
burets. 

SuljdiideSjOr  .sul- 
phurets. 
Fluorides. 
Chloiides. 

Oxide  of  zinc. 

Carbide  of  iron. 
Carburet  of  hydrogen. 
Sulphide,  or  sulphurct 
of  pota.ssium. 
Fluorirle  of  calcium. 
Cliloridc  of  sodium. 

Zu  0. 
Fe^  C. 

H.  C,. 

|ks. 

CaF. 
Na  Cl. 

* Any  other  mmibcrs  lm\ing  the  ratio  8 : 1 would  do  equally  well ; aoconlingly,  it  is 
often  found  more  convenient  to  luiikc  the  equivalent  of  oxygen  100,  when  that  of  hydrogeji 
would  become  12.5,  for  12.5  x 8 = 100,  and  so  of  the  rest. 

t Chemists  ore  now  gradually  leaving  otT  tl>e  use  of  “ urct  ” as  a termination.  Tlie 
unions  of  two  metals  are  called  “ alloys those,  however,  with  mercury  jirc  calle«l 
“ amalgams.” 
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When  it  is  said  that  simple  bodies  only  combine  in  certain  definite, 
proportions,  it  must  not  be  inferred  that  each  has  only  one  proportion 
of  combination  ; on  the  contmry,  they  may  combine  in  any  simple 
inultij)le  of  that  proportion,  as  twice,  thrice,  four  times,  etx:..,  or  even  in 
one-half  or  two-thirds  of  the  nonnal  pro|M)rtion  or  e(iuivalent.  The 
names  of  such  compounds  are  fonned  by  placing  a ]»refix  to  the  generic 
name  expi'essive  of  the  number  of  equivalents  of  the  electro-negative 
element  in  it. 

Tlie  following  Table  affords  examples  of  these  names  : — 

TABLE  II. 


When  the  pn)i>ortion  jh  hk  . The  prefix  i« 


1 : 2 


1 : 1 
3 ; 2 


2 : I 


3 : 1 


4 ; 1 


{ 

1 

I 


5 : 1 

When  in  ii  series  of 
; compounds  one  has 
I the  largest  number 
I of  equivalents  of  the 
I electro-negative  ele- 
I ment,  whatever  that 
I number  may  be. 


Di  (half),  or 
Sub  (under). 

Proto  (first). 
St'squi  (one 
and  a hallj. 

Deiito,  or  bi 
(twice). 


Tri,  or  ter 
(thrice). 

Te.s.*^ra,  or 
(piadri  (four). 

Penta  (five). 


Per 

(complete). 


Examples. 


/ Dioxide  of  copjier. 

) Diniodi«le  of  copper, 
j Subchloride  of  mer-  | 
( cim'.  ■ j 

Protoxide  of  iron. 

' Ses(piioxide  of  iron. 

Deutoxide  of  lead. 
Binoxide  of  manga-  | 
■{  nese.  / 

Bicliloride  of  plati- 
mmi. 

( Tritoxide  of  osmium. 

' Teroxide  of  gold. 

( Terchloride  of  arsenic. 
/ Tes.saroxide  of  os-  1 
) mium.  j 

Quadri-sulphide  of) 

I V osmium. 

Pentachloride  of 


! 


SyiiibolH. 


Ou.^  0. 

I- 

ng,ci. 

Fe  O. 

O3.  i 
PbO^.  ; 
Mno.^.  ; 

i 

ptci . ! 


{ 


phosphorus. 

Peroxide  of  iron. 
Peroxide  of  hydrogen. 
■(  Peroxide  of  osmiiun. 
Perchloride  of  anti- 
monv. 


} 


'■} 


0.sO.  ! 
A11O3.  ! 

I As  01  . 
Os  O^. 

Os  S^. 

P Cl  . 


Fe,  O3  : 
HO^.  ! 
o.so^.  ! 

isbcvi 
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Acids  and  Bases. — Tliese  primary  (or  binary)  compounds  have  dif- 
ferent properties,  from  which  they  are  willed  acid,  basic,  or  indifferent  ; 
thus  there  are  ox-acids,  sulpli-acids,  chlor-acids,  etc.,  oxy-ba.ses,  sulpho- 
bases,  cliloro-bjises,  etc.,  tind  indilierent  oxides,  etc.  For  our  jiurjxises, 
however,  we  may  dismiss  from  consideration  all  acids  except  those  in 
which  oxygen  forms  the  electro-negative  element ; and  we  may  then 
state  that  all  acids  are  either  deiitoxides  or  tritoxides,  or  have  a still 
higher  proportion  of  oxygen  in  combination  ; that  the  indifterent  bodies 
are  either  se.squioxides,  or,  at  movSt,  deiitoxides  ; while  the  bases  are 
either  protoxides  or  sesqiiioxides. 

It  i.s,  however,  the  ba.ses,  and  in  part  the  indifterent  bodies,  which 
are  alone  termed  oxides.  The  acid  compounds  have  speciid  names, 
formed  by  appending  a syllable  to  the  termination,  or  modifying  the 
ttnal  syllable  of  the  electro-positive  element,  and  adding  the  word 
“ acitl.”  Thus  the  acid  oxide  of  carbon  (CO,^)  is  termed  carbonic  acid, 
and  one  of  the  acid  oxides  of  sul^jhiir  (SO^)  sulphiiiic  acid. 

When  a simple  body  fonns  with  oxygen  two  oxides  having  acid 
jinquuties,  the  name  of  that  which  contains  most  oxygen  ends  in  ie, 
and  that  having  least  in  ous.  Examples — (SO^),  sulphurous  acid  ; 
(SOg),  sulphuric  acid. 

At  the  time  of  the  framing  of  this  nomenclatui*e  no  bodies  weii^ 
known  foiiiiing  more  than  two  acid  oxides.  Others,  however,  have 
since  been  discovered,  and  they  are  de.scribed  by  the  prefix  of 
“ under,”  jdaced  before  the  words  ending  in  ic  or  ous,  according  to  the 
relation  which  it  is  desired  to  ex)»ress.  If  an  acid  be  discovered  con- 
taining more  o.xygeii  than  the  one  pn;viously  known,  and  ending  in  ic, 
it  takes  the  prefix  2*cr,  Examjiles — ((’1  O),  hypochlorous  acid  ; (Cl  OJ, 
chlorous  acid  ; (Cl  OJ,  hypochloric  acid  ; (Cl  OJ,  chloric  acid  ; (Cl  O^), 
perchloric  acid. 

Many  acids  have  a shai})  taste  (whenc<5  the  tenn  “acid”  originated), 
and  have  the  property  of  rialdening  many  blue  vegetable  colouiing 
matters,  such  as  that  of  the  violet,  red  (purple)  cabbage,  litmus,  etc. 
Such  acids  are,  of  course,  soluble  ; but  there  are  many ^ which  are 
insoluble,  and  exhibit  no  action  u|k)1i  colouring  matters,  and  have  no 
sharp  taste.  Hema*  chemists  no  longer  consider  those  properties  as  the 
essential  qualities  of  an  acid,  and  have  accordingly  agreed  to  consider 
that  body  as  an  acid  which  ajipears  at  the  jiositiv'e  pole  when  a salt  is 
decomposeil  by  the  action  of  a voltaic  battery  ; or,  in  other  words, 
acid  is  the  electro-mujative  constituent  of  a siilt. 

Some  bases  which  are  soluble  have  the  property  of  changing  the 
blue  colouring  matter  of  rod  cabbage  to  green,  and  the  bright  yellow  of 
tunneric  to  brown,  and  of  restoring  the  blue  of  litmus  reddened  by  an 
acid.  But  as  many  substances  ai-e  considered  as  bases  w'hich  do  not 
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possess  this  property,  chemists  liave  agreed  to  consider  as  a base  tlie 
elect ro-j>ositive  constituent  of  a salt,  or  tliat  wliich  appears  at  tlie  negative 
pole  in  the  process  of  electrolysis.  Some  bodies  possess  the  acid  or  basic 
properties  so  weakly,  that  they  are  capable  of  acting  in  either  capacity, 
according  to  circumstances,  that  is,  they  act  as  bases  with  strong 
acids,  and  as  acids  with  strong  bases.  Such  bo<lies  may  be  teniied 
indiferent.* 

B 2.  Secondary  compounds  or  salts. — Acids  and  bases  fonn  combi- 
nations with  each  other  which  are  termed  salts.  In  these  combinations, 
the  electro-negative  element  is  most  usually  the  same  in  the  acid  and 
the  Ixrse,  an  oxygen  acid  uniting  .with  an  oxygen  base,  a chlorine 
acid  with  a chlorine  base,  and  so  on.  There  ai\%  indeed,  some  sjdts, 
both  natural  and  artificial,  comjX)sed  of  unions  of  difleient  elements, 
especially  oxygen  and  chlorine,  but  for  our  purjwse  we  may  dismiss 
from  considemtion,  as  before,  all  acids  and  bases  except  those  which  are 
oxides. 

Salts^  then,  or  the  unions  of  acid  and  basic  oxides  may  be  termed 
temarj’’  comixmnds,  as  being  combinations  of  three  substances,  «»r 
secondary  compounds,  as  Ixnng  the  second  jK)Ssible  combinations. 

Tlie  primar}'  compound  substances,  acids  and  bases,  combine  with 
each  other  in  the  same  way  that  simjile  substances  do  ; that  is,  through 
elective  affinity  for  each  other,  and  in  definite  proportions  with  each  other. 

Tlie  unions  of  acids  and  bases,  therefore,  may  be  expressed  in  the 
same  way,  and  by  using  similar  prefixes,  affixes,  etc.,  to  those  which 
denote  the  imion  of  the  simple  substances. 

Tlie  name  of  an  oxygen  salt  is  formed  by  nuKlifying  the  termination 
of  the  acid,  changing  “ ous”  into  and  “ ic”  into  ate.  Example — 
Sulphurous  acid  and  soda  form  suljiliite  of  soda,  sulphunc  acid  and 
potajili  form  suljiliate  of  jH)tash. 

“ If  the  acid  have  the  prefix  hyjH)  orj^>er,  it  is  retained  in  the  name 
of  the  salt — example,  hyjioclilorous  acid  and  soda  fonn  hypochlorite  of 
sixla,  perchloric  acid  and  potash  form  perchlorate  of  ixitash. 

“Again,  the  very  .same  acid  and  base  may  unite  in  dilferent  pro- 
portions, and  i»roduce  another  set  of  salts.  In  such  cases  the  one  con- 
sidered to  be  the  neutml  .“^alt  receives  a name  fonned  in  the  manner 
just  described,  while  those  which  contain  more  acid  or  base  than  it  are 
distinguisheil  by  prefixes,  in  the  same  manner  a.s  in  the  ct>nibinations  c*f 
the  simple  substance.s.”  (See  Table  II.) 

Summary. — The  conclu.sions  we  have  now’  arrived  at  may  be  summed 
up  as  follows  : — 

• 

• Alumin.i  ih  an  example  of  such  a siib-stance,  as  it  acts  as  the  aci<l  in  spinel,  ami  is  .snp- 
I>osed  to  replace  silica  in  some  hornblendes,  and  as  a ba.se  in  alum  and  in  most  aluminous 
silicates. 
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Ill  tlie  first  place,  all  substances  the  names  of  which  end  in  “ide” 
(or  “ uret”),  and  the  acids  ending  in  “ ic,”  or  “ ous,”  are  comiMised  of 
two  elementary  constituents  only,  their  varieties  resulting  from  the 
different  pixiportions  in  which  those  constituents  are  combined. 

Secondly,  all  substances  of  whicli  the  names  end  in  “ ate  ” (such  as 
sulphate,  caibonate,  silicate),  are  sidts,  however  hard,  insoluble,  or 
tasteless  they  may  be,  the  essential  character  of  a salt  being  that  it  is 
the  union  of  an  aciil  with  a base. 

We  also  learn  that  while  there  are  some  substances,  each  of  which 
may  form  many  vaneties  of  acid,  according  to  the  various  nmltijile 
pnipoi-tions  in  which  oxygen  may  combine  with  it,  there  can  be  only 
two  basic  varieties  of  any  one  substance,  that  which  is  called  its  pro- 
toxide and  that  which  is  culled  its  sesquioxide.  There  can  then  be  t\vo, 
•ind  onlv  two,  sets  of  salts  fonued  bv  anv  one  substancti  and  anv  one 
acid,  the  protoxi«le  and  the  sesquioxide  salts,  but  that  each  of  those  sets 
of  salts  may  also  have  several  varieties,  de}>eiiding  on  the  different 
multiple  propoilions  in  which  the  acid  may  unite  with  the  base. 

Salt-radicle  Theory. — If,  however,  the  ab<n'e  restriction  to  the  use 
of  the  word  “salt”  be  established,  it  follows  that  the  chemical  meaning 
of  the  tenn  “salt,”  is  not  only  different  from  its  ordinary  meaning,  but 
directly  opposed  to  it ; beciiuse  common  salt  (Na  Cl.)  is  not  the  union 
of  an  acid  and  a base,  but  that  of  two  simple  substances,  sodium  and 
chlorine,  and  therefore  is  a primary  c<.>mpouiul  instead  of  a secondary 
coin]>ound  or  salt. 

It  aj)pears,  however,  that  this  anomaly  may  be  rectified  or  evaded 
by  viewing  the  c«>mbination  of  an  acid  with  a base  as  merely  a binary 
compound  of  a metal  with  a salt-radicle,  and  not  as  a union  with  two 
distinct  molecular  groups.  Sulphate  of  jiotash,  for  instance,  would  be 
considered  not  so  much  the  combination  of  tritoxide  of  sulphur  with 
»*xide  of  potassium,  but  as  a combination  of  ])otassium  with  ijuadroxide 
of  sulphur.  In  this  way  common  salt,  chloride  of  sodium,  becomes 
strictly  analogous  to  all  other  .sidts,  as  in  the  following  exprc.ssions  : — 


Sidphate  of  Potash 
Xitnite  of  Potash 
Cliloride  of  Sodium 


.\rid  Tlieory.  .Snlt-nnUole  Tlicor}’. 

KO  -f-  SO,  K + SO^. 

KO  -f  NO,  K + NO„. 

Na  + Cl. 


In  the  ordinar}"  use  of  tenns  descriptive  of  salts,  the  bases  of  which 
have  no  siH'cial  names  (like  Lime  for  the  oxide  of  Calcium),  the  words 
“ oxide  of”  are  often  omitted,  thus  suljdiate  of  iron  means  sulphate  of 
oxide  of  iron,  .since  in  the  commonly  used  nomenclature  the  simj)le 
substance  ir<jn  is  only  .suj)posed  to  combine  with  the  sinqde  substance 
fculpliur  (producing  sulj)hide  or  sulphuret  of  ir<»n),  and  not  with  its 
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oxygen  acid  (sulphuric  acid),  which  is  ordinarily  supposed  to  retpiire 
an  oxygen  base. 

Relation  of  tJie  oxygen  in  the  hue  to  that  in  the  acid — In  order  to 
completely  understand  the  tenns  descriptive  of  the  fomiaticm  of  salts,  it 
is  necessary  not  merely  to  look  upon  them  as  unions  of  a base  with  an 
acid,  but  also  to  notice  the  nature  of  the  combination  as  regards  the 
proportions  of  oxygen  in  each. 

“ If  we  take  sulphuric  acid  (SO3)  and  potiish  (KO),  for  instance,  it 
is  found  by  exi>eriment  that  they  combine  to  fonn  a neutnd  salt,  sul- 
phate of  potash,  in  such  proportionate  quantities  that  the  ratio  of  oxygen 
in  acid  : that  in  base  : : 3 : 1 . Chemists  have  then  agreetl  to  consider, 
by  analog}",  all  tlie  sulphates  of  the  oxides  of  the  metals  as  neutral 
salts  which  have  the  same  ratio  of — 


Oxygen  in  base  : oxygen  in  acid  : : 1 ; 3. 


All  neutral  salts,  therefore,  require  one  additional  equi\alent  of 
acid  to  every  additional  equivalent  of  oxygen  in  tlie  bas(?.  If  we 
represent  the  metals  by  the  conimon  symbol  R,  then  the  following 
formula}  would  represent  the  composition  of  the  neutral  sulphates  ; 
for — 


Protoxides 

Sesquioxidcs 

Deutoxides 


0 in  O in 
baau.  acid. 

RO  + SO3  1 : 3 
R^  03-^3803  1 ; 3 

RO3-I-2SO3  1 : 3 


Ratio  of  No.  of  wiuivalcnts 
of  bnae  to  No.  of  acitl, 

1 ; 1 

1 : 3 

1 : 2 


“ The  ratio  of  the  oxvgen  in  the  base  to  that  in  the  acid  varies  of 
course  for  every  acid,  but  is  the  same  for  all  the  salts  W'hich  are  con- 
sidered neutral  that  are  fonned  by  the  same  acid  with  a series  of  bases  ; 
thus : — 

In  carbonates  it  is  as  . . . 1:2 

In  chlorates  . . . . . 1:5 

Etc.  etc. 


“ Formation  of  Silicates. — Tlie  salts  which  siliai  is  capable  of 
forming  with  the  bases  are  extremely  numerous,  and  are  seldom  of  so 
simple  a com|>osition  as  those  for  which  the  ordinary  nomenclature  was 
con.stnicted  ; hence  when  the  chemical  composition  of  minerals  began 
to  be  studied,  and  chemical  names  given  to  them,  a somewhat  dilferent 
system  of  nomenclature  was  unfortunately  adopted.  Tims,  those  silicates 
in  which  the  proportion  of  acid  to  base,  whether  that  base  were  pro- 
toxide or  sesquioxide  was  as  1 : 1,  were  called  silicates  or  /??o»osilicates, 
where  that  relation  was  2 : 1 ftfsilicates,  where  3 : 1 fnsilicates.  Those 
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in  which  the  proportion  of  acid  was  less  than  that  of  a monosilicate 
were  allied  #?///8iliaites. 

“ If  silica  be  a teroxide  (Si  0^),  then  it  is  clear  that  what  was 
culled  a trisilicate  of  a sesqiiioxide  should,  in  harmony  witli  the  nomen- 
clature just  given,  Imj  considered  as  the  neutnil  silicate,  and  the  ^*fsili- 
cates  and  ?no«osilicates  as  basic  salts.  If,  on  the  other  hand,  we  adopt 
the  i)referable  formula  Si  0^,  or  consider  silica  a </<?«/foxide,  then  the 
formerly  basic  siliaite  3 (R  O)  + 2 (Si  0^^)  would  become  the  monosili- 
cate with  the  much  more  simple  formula  RO  + Si  0^.  The  determina- 
tion of  whether  silica  be  a deutoxide  or  teroxide  was  attended  with 
considerable  difficulties  ; but  the  balance  of  evidence  now  leans  so 
strongly  in  favour  of  the  foniier,  that  however  the  })reviously  used 
symbol  of  Si  0^^  may  linger  among  mineralogists,  chemists  are  univer- 
sally discarding  it  as  entirely  out  of  harmony  with  all  the  recently  dis- 
covered facts  of  the  science.  Adojding  then  the  formula  Si  for 
silica,  the  following  table  will  represent  the  general  formula)  for  many 
of  the  simple  siliaites  hitherto  examined,  whether  natural  or  artificial. 


TABLE 

III. 

lleintion  of 

Name. 

Fomuila*  of  Sili- 
cates of 
Pi-otoxides. 

1 

Foiniula  of  8ilicate.s 

Oxygen  in  ttie 

of  Sesqnioxidos. 

» 

Acid  IJa.se. 

6:1 

Trisilicate. 

RO,  3 Si  0,. 

R,  0,,  9 Si  0,. 

- s J 

Iv  a 

4 : 1 

Bisilicate. 

RO,  2 Si  0^. 

R,  0,,  6 Si  0,,.  1 

,<£  1 
1— • ^ 

3:1 

i 

Ses(piisilicate. 

2RO,3SiO^. 

2 R^  O3,  9 Si  O3. 

m 

‘Sj 

, 2:1 

Monosilicate. 

RO,  Si  0,. 

R,  03,3  Si  0^.  I 

i 

1:1 
1 :ii ; 
or 

Disilicate,  or  bibasic. 

2 RO,  Si  0,. 

2 R,  0„  3 Si  0 . 

2 3'  2 

1 

Triba.^ic  silicate. 

3 RO,  Si  0,. 

K 0..  Si  0,. 

I ^ 

2 : 3 J 

Si 
1 V 

1:2  1 

or 

( 

Quadriba.sic  silicate. 

4 RO,  Si  0^. 

4 R,  O3,  3 Si  0.^.  1 

2 :4 

i ^ 

2:6] 

1 

1 

or 

f' 

Sexbiwc  silicate. 

6 RO,  Si  0^. 

^ 2 R,  O3,  Si  O3. 

1 

1:3 

4 : 3 

Two-thirds  silicate. 

3RO,2Si  0,. 

R,  03,J_Si  0,._ 
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“ Those  silicates  of  the  sescjuioxide  bases  which  are  underlined,  are 
found  most  frequently,  indeed  we  might  almost  say  exclusively,  in  the 
double  silicates  of  alumina.  Such  silicates  as  two-thirds,  three-fourths, 
ete,  are  perhaps  not  simple  silicates,  but  compounds  of  other  more 
simple  ones.  It  may  hereafter  be  found  that  the  number  of  silicates 
which  exist  naturally  in  combimition  is  much  smaller  than  has  been 
supposed” — W.  K.  S. 


2.  Laws  of  Form. 

The  definite  geometrical  form  of  a mineral  is  called  its  cri'stal.  A 
cr}'stal  is  not  necessarily  transparent,  many  are  opaque  ; the  definite 
form  being  its  oidy  essential  attribute. 

Axes  of  Crystals. — ^The  forms  of  crystals  are  very  numerous,  but  (ill 
those  which  occur  natuially  in  minenils  may  be  classed  into  six  sv-stems 
of  cr}'stallization,  depending  on  the  position  of  the  “ axes,”  or  right 
lines  about  which  their  faces  are  symmetrically  arranged. 

It  is  obvious  that  the  “ axes”  of  any  body  are  infinite,  since  we  may 
suppose  it  to  be  concentriailly  enclosed  in  a sphere  with  an  infinite 
number  of  diameters.  The  “ syinmetrical  axes,”  however,  are  those 
only  which  join  similar  opposite  points  of  a regular  figure,  as,  for 
instance,  the  centres  of  oj)posite  faces,  the  centres  of  opposite  edges,  or 
the  opposite  angles  or  comers  of  a solid. 

A cube  has  six  faces,  twelve  edges,  and  eight  angles  (or  cornel’s), 
therefore  a cube  will  have  thiiteen  symmetrical  axes,  niunely,  three 
joining  the  centres  of  the  six  ojiposite  faces,  six  joining  the  centres  of 
the  twelve  opposite  edges,  and  four  joining  the  eight  opposite  angles. 
{See  fig.  1,  «,  bj  and  c.)  In  the  majority  of  instances  it  will  be  suffi- 
cient to  select  those  three  symmetrical  axes  wdiich  express  the  ordinary 
diraen-sions  of  length,  breadth,  and  thicknes.s.  It  i.s,  however,  more 
convenient,  in  one  ca.se,  to  take  four  axe.s,  since  what  we  may  call  the 
breadth  or  thickness  is  e<|ual  in  three  directions. 

The  six  systems  of  Crystals, — Tliese  six  systems  of  ciystallization 
have  l>een  very  variously  name<l,  and  also  differently  numbered,  in 
different  w'orks  on  minemlogy  and  chemistry.  In  drawing  up  the  fol- 
lowing list  I have  been  guided  chiefly  by  Regnault’s  Crystallography, 
Nicol’s  Elements  of  Minei’alog}^  and  the  Rev.  W.  Mitchell’s  Crystallo- 
graphy in  Orr’s  Circle  of  the  Sciences. 

1.  The  first  or  regular,  or  cubical  or  octahedral,  or  te.sseral  or 
i.sometrical  system,  luts  three  efpial  axes  at  right  angles  to  each  other. 
Tlie  typical  form  is  either  the  cube  with  six  equal  square  faces,  or  the 
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regular  octahedron  with  eight  faces  formed  of  equilateral  triangles. 
(See  fig.  1 , a.) 
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2.  The  second,  or  square  prismatic,  or  ])yiamidal,  or  tetragonal, 
or  monodimetriad,  or  two-and-one  axial  system,  has  three  axes  at  right 
angles  to  each  other,  of  which  only  two  are  equal  to  each  other.  Its 
typical  fonii  is  either  the  right  prism  on  a square  base,  or  the  right 
double  four-faced  pyrami<l,  with  eight  faces  fonncd  of  isosceles  triangles. 
(See  fig.  2.) 


3.  Tlie  thir<l,  or  hexagonal,  or  rliombohedral,  or  monotrimetrical, 

or  three-and-one  axial  system,  has 


four  axes,  three  of  which  are 
equal  and  cross  ciich  other  at 
angles  of  60®  in  tlie  same  plane, 
the  fourth  being  not  equal  with 
tlicm,  and  at  right  angles  to  them. 
Tyjiical  fonn  a right  prism  on  a 
hexagonal  base  (see  fig.  3),  or  a 
right  double  six-side<i  ])yramid,  with  twelve  faces  fonned  of  isosceles 
triangles.  The  rhomboliedral  forms  are  hemihedral  (see  next  page) 
modifications  of  the  latter. 

4.  The  fourth,  or  rhombic,  or  rhombic-prismatic,  or  orthotyj)e,  or 
])rismatic,  or  one-and-one  axial  system,  has  three  axes  which  are  not 
»M|ual,  though  all  are  at  right  angles  to  each  other.  (See  fig.  4.)  Ty])i- 

cal  form  a right  prism  on  a rhom- 
bic base,  or  right  octahedron  ^\^th  a 
rhombic  base,  and  eight  faces  fonned 
of  .scalene  triangles. 

5.  The  fifth  or  oblique,  or  mono- 
clinohedric,  or  liemiprismatic,  or 
lie.miorthotyjx*,  or  clinorhombic,  or 
hemilicdric-rhombic,  or  two-Jind-one 
membcred,  system,  has  three  unequal  axes,  two  of  wliich  are  oblique 
to  each  other,  and  the  thinl  at  right  angles  to  the  other  two.  (See 
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fig.  5.)  The  tj’pical  form  may  l)e  taken  as  the  olfiirjue  prism  on  a 
rectangular  or  rhombic  bast*,  or  the  incline<l  (or  obliijue)  double  four- 
faced  pjTamid  or  octahedron  on  a rhombic  W<e. 

6.  The  sixth,  or  doiddy  obli(pie,  or  anorthic,  or  triclinohedric,  or 
anorthotype,  or  tetarto-])rismatic,  or 
tetarto-rhombic,  or  one-an<l-one  mem- 
beretl,  system,  has  three  axes  all 
oblique  to  each  other,  wliich  may 
have  any  possible  relation  as  to 
length.  (See  fig.  6.)  The  typicid 
form  is  the  doubly  oblitjue  prism,  or 
the  doubly  oblitpie  ocfiihe<lron  or  j)yramid.* 

llolohedral  and  hemifu'dnd  crt/ntah. — The  first  and  most  obvious 
modification  of  these  crystalline  fonns,  is  that  consetjueiit  ujK»n  halving 
them.  We  may  conceive  in  each  of  the  prece<ling  systems  a fonn  pro- 
duced by  the  growth  of  half,  insU*at1  of  the  whole  crystal,  the  one  called 
the  hemiluslral  (from  the  Greek  “ hemi,”  a half,  and  “ hedra,”  a seat  or 
ba.sis),  an<l  the  other  the  holohedral  (from  the  Givek  “ holos,”  the  whole). 
There  will  lx*  sometimes,  then,  two  distinct  series  of  forms  under  eacli 
system.  Tlie  most  remarkable,  {>erha]>s,  of  these  is  the  production  of 
the  sLx-sided  rhombohednil  forms  of  the  third  system  from  the  twelve* 
sided  pyramids  of  tliat  system. 

Derivative  forms. — Other  modifications  may  be  derived  from  the 
typical  forms  in  the  following  way  ; — 

In  fig.  1,  i,  the  eight  comers  of  the  cube  are  joined  by  four  axes  or 
lines  passing  through  the  centre  of  the  cube.  If  now’  w'e  supjwse  each 
of  these  eight  comers  to  be  truncated  (or  cut  off)  by  a plane,  at  right 
angles  to  its  axis,  w’e  shall  get  eight  new  faces,  and  if  ecpial  ix>rtions  be 
cut  away  until  these  new  fjices  meet  or  touch  each  other,  it  wrill  be 
obvious  that  the  result  will  Ix^  the  octahedron,  or  figure  bounded  by 
eight  sides,  which  will  be  equilateral  triangles. 

In  fig.  1,  c,  the  tw’elve  edg(is  of  the  cube  have  their  centres  joined 
by  six  axes,  and  if  in  like  miuiner  each  of  these  edges  Ixi  truncated  by 
planes  at  right  angles  to  the  axis,  we  shall  get  tw’elve  new’  faces,  and  if 
e<[ual  portions  l>e  cut  off  till  these  new’  faces  meet  or  touch  each  other, 
we  shall  have  a regular  twelve-sided  figure,  or  dixlecahedron  fomied, 
each  of  its  faces  lx*ing  a rhomb. 

Or,  vice  versa^  if  we  have  the  octahedron  or  dodecahedron,  we  may 

* Nannian  and  other  chcmista  now  propose  to  adopt  seven  systems  of  crystalli/jitlon  ; 
three  upright  forms  with  three  axes,  three  iucline<l  forms  with  three  axes,  and  one  hexagunal 
with  four  .axes.  The  ery stall ization  of  s<»me  artiflrially  formed  substances  justifies  this 
projwsal,  but  the  six  systems  given  above  Include  all  naturally  formed  substances. 
{informatujn  ruxirtd  from  Dr.  Sullivan.) 
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convert  it  into  a cube  by  supposing  regular  increments  added  to  each 
face,  so  as  to  buihl  up  tlie  cornel's  or  edges  of  the  cube. 

Then,  again,  we  may  suppose  the  above-mentioned  increments  or 
decrements  not  complete,  the  cube  liaving  its  comers  or  edgi's  cut  off 
regularly  and  eijually,  but  not  to  a sufficient  extent  for  the  new  face«  to 
touch  each  other.  We  might,  for  instance,  have  a cube  with  portions 
of  its  original  six  faces  remaining,  and  eight  new'  smaller  faces  where 
the  (Kjmers  were  cut  off,  making  a regular  figure  with  fourteen  faces,  or 
if  the  tw'elve  edges  were  so  cut,  w’e  might  have  a regular  figure  with 
eighteen  fact's. 

• Still  fuither  modifications  may  be  foraied  by  the  superposition  of 
one  of  these  modifications  on  the  faces  of  another,  as  w'e  may  imagine, 
for  instance,  the  pyramidal  end  of  an  octahedron  growing  out  of  the 
face  of  a cube. 

What  is  true  of  the  first,  is  equally  true  of  all  the  other  systems. 

Tlie  student  may  now  understand  how’  the  almost  infinite  diversity 
of  natural  forms  may  be  reduced  to  a conqiaiatively  simjile  system,  by 
seeing  how  a few'  regular  modifications  of  simple  and  regular  fomis  will 
result  in  a wonderful  complexity  of  geometrical  figiii-es. 

MacUs. — There  are,  moreover,  forms  produced  by  twin  crystals,  the 
principal  axes  of  which  crass  each  other,  either  at  right  angles  or  at 
some  other  definite  angle,  thus  producmg  ciystals  in  the  form  of  a 
cross,  or  half  a cross,  either  rectangular  or  obli«pie. 

— All  crystals  have  a natural  cleavage  or  tendency  to 
split  ami  ]»roduce  ].)erfectly  smooth  faces  j^iiallel  either  to  the  faces 
of  the  original  typical  form  or  to  some  of  the  faces  thus  produced 
bv  ro"idar  and  svmnietrical  modifications  of  that  form.  It  is  by 
taking  advantage  of  this  natural  cleavage  that  hard  gems  are  cut  by 
jew'cllers. 

IsonwrphiJtm,  Dimorphisrn,  and  AUotropmn. — It  has  been  said  that 
all  minerals,  properly  so  called,  possess  a definite  chemiad  composition, 
f'.c.,  art;  made  up  of  precisely  the  stiine  ingredients  in  exactly  the  same 
proportion  ; and  also  a definite  form,  that  is,  are  either  one  of  the 
j)rimary  or  typical  forms  mentioned  above,  or  a riUMlificiition  of  one  of 
those  foniis. 

We  have  now’  to  motlify  this  statement,  since  it  has  been  found  that 
there  are  certain  groups  of  substances  which  can  be  substituted  for  each 
other,  under  cei-Uun  comlitions,  without  proilucing  any  noticeable  change 
of  form  in  the  crystal  of  the  mineral,  and  als(^  that  some  substances, 
retiining  the  same  chemicid  composition,  do,  under  certain  conditions, 
assume  more  than  one  definite  form. 

Different  specimens  then  may  contain  different  proportions  of  tin* 
same  ingradients  or  even  difterent  ingredients,  and  yet  ratain  the  same 
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fonn,  and  remain  the  same  mineral,  provided  the  variation  occurs  only 
among  these  groups  of  substances. 

Substances  possessing  this  power  of  replacing  each  other  are  said  to 
be  isomorphous,  or  “ retaining  the  same  form”  (from  two  Greek  words, 
“ Isos,”  equal,  and  “ morj^he,”  form).  Among  the  substances  mentioned 
at  p.  30  in  Table  V.,  for  instance,  potash,  soda,  lime,  magnesia,  protoxide 
of  iron,  and  protoxide  of  manganese  (all  being  simple  oxides),  are  iso- 
morphous. Alumina  and  peroxide  of  iron,  again  (both  sesquioxides), 
are  isomorphous.  One  consequence  of  this  law  is,  that  we  find  con- 
.‘dderable  differences  between  the  different  analyses  of  the  same  mineral, 
according  as  each  specimen  analysed,  contains  more  or  less  of  diflerent 
isomorphous  substances.  It  is  hence  necessary  always  to  reduce  tin* 
analyses  of  minerals  to  a theoretical  or  normal  fonnula,  which  groups 
the  isomorphoiis  bas(?s  together,  and  points  out  the  relations  of  the 
group  to  the  acids  present  in  the  mineral.  Such  a group  of  bases  is 
commonly  denoted  by  the  letter  R in  chemical  formula}.* 

• “ One  of  the  best  examples  of  isomorphism  is  presented  by  the  various  alums,  of 
which  there  are  no  less  than  twelve,  all  of  which  crystalisc  in  regular  octahedrons,  and  may 
be  represented  by  the  following  formula : — 

RO,  SO3  + ItaOa,  S SO,  + 24  HO. 

Now,  in  this  formula,  RO,  the  protoxide  Iwse  may  be  any  one  of  the  three  BUbstances  KO 
(potaah) ; Na  O (soda),  NH4O  (oxide  of  ammonium) ; and  R^Oj,  the  sesqiiioxide  base  may  be 
any  one  of  the  four  substances  .\LjO3  (alumina),  F2O3  (.sesqiiioxide  of  iron),  CrjOs  (sesqui- 
oxidc  of  chromium),  or  Mnj03  (sesquioxide  of  manganese).  Tliere  are,  therefore,  3x4=12 
possible  combinations. 

Perfectly  isomorphous  bo<lies  or  isotonifs  are  those  which  have  the  same  crj’stallinc  fonn, 
and  similar  formulae,  and  equal  atomic  volumes.  The  conditions  for  perfect  Isomoriihism 
can  only  be  fulfilled  in  crystals  belonging  to  the  regular  system. 

Those  in  which  the  last  conditions  are  only  partially,  or  not  at  all  fulfilled,  arc  said  to  be 
homoiomorphous.  The  replacement  of  an  equivalent  of  one  body  by  a multiple  of  the 
equivalent  of  another,  is  tenned  polymeric  iscrmnrphism.  Tlius,  for  example,  according  to 
Scheercr,  3 Ho  (3  equivalents  of  water)  con  replace  Mg  O (magnesia),  without  changing  the 
form. 

Heleronomxc  isomorphism  is  that  kind  of  homoiomorphism  in  which  the  condition  of 
equal  atomic  volumes  is  fulfilled  by  dividing  the  unequal  atomic  volumes  of  two  homoio- 
morphous bodies  by  the  number  of  atoms  in  each  compound.  Dana  has  applied  this  property 
to  connect  together  different  formultc.  The  analysis  of  some  mbierals  led  to  the  following 
general  fonnulse ; and  from  them  were  calculated  the  annexed  atomic  volumes  : — 

No.  1.  (RO)a  (Si  O,)*  3 (R,  O,,  Si  O3)  = 180a 

No.  2.  (RO),  (Si  Oa),  -f-  6 (R,  O,,  Si  0,)  = 3013. 

No.  3.  (RO)  (Si  O,)  4 (R,  0„  Si  O,)  = 1850. 

Now  No.  I contains  41  atoms  and  1808  -r-  41  = 44. 

And  No.  1 „ 68  „ and  3013  -r-  08  = 44. 

And  No.  3 „ 42  „ and  1850 -^42  = 44. 

The  conditions  of  equal  atomic  volume  were  thus  fulfilled. 

Homoiomoriihism  has  a very  extended  meaning,  according  to  some  persons,  and  is  not, 
according  to  them,  like  true  isomorphism,  confined  to  forms  of  the  same  system  alone,  but 
may  exist  between  forms  belonging  to  two  different  systems.  Thus,  for  example,  orthoclase 
or  potash  feldspar  is  homoiomorjthous  with  albite  or  soda  feldspar,  though  the  former 
belongs  to  the  filth  and  the  latter  to  the  sixth  system.’*— (W.  K.  8.) 
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Dimorphimi  (from  the  Greek  “ dis”  twice),*  is  the  property  which 
some  substances  have  of  crystallizing  in  two  diifei-ent  forms  belong- 
ing to  two  different  systems  of  crystallization.  These  different  crj’stals 
of  the  same  substance  vary  not  only  in  external  form,  but  often  also  in 
density,  hardness,  etc. 

They  thus  fonn  different  minerals,  and  go  by  different  names, 
although  they  have  essentially  the  same  chemical  composition.t 

lliis  assumption  of  a different  form  in  the  same  substance  often 
seems  to  <lej)end  on  the  different  circumstances  of  temperature,  etc., 
under  W’hicli  the  crystals  have  been  produced.  “ It  is  often  remarked 
that  ciy’stals  w'hich  have  been  formed  at  high  temperatures,  and  which 
were  perfectly  transparent  at  the  moment  of  their  production,  become 
ojmque  and  pulverulent  after  a short  time.  Disaggregation  ensues, 
l>ecause  the  luolccules  have  a tendency  to  anange  themselves  differently, 
in  ac<k)rdance  with  the  forces  which  juevail  at  less  elevated  tempera- 
tures. It  is  often  possible,  when  this  alteration  has  occurred,  to 
distinguish,  with  the  aid  of  a magnifier,  that  the  mass  is  formed  of 
small  rudimentary  crystals  posses.sing  the  form  which  the  substance 
affects  at  ordinary  tenipemtures.” — Rti/nauU. 

A rriineral,  then,  when  composed  of  a substance  j)os.sessing  the 
property  of  diruori)hLsm,  might  have  an  external  crystalline  form 
belonging  to  one  system,  while  internally  it  is  made  up  of  crystalline 
particles  belonging  to  another  system. 

Carbonate  of  lime  crystallized  from  cool  solutions  takes  the  form  of 
Calcite,  but  if  their  temp<  rature  exceed  1 50°  it  will  become  Arragonite. 
On  the  other  hand,  crystals  of  Arragonite  heated  by  a spirit  lamp, 
decrepitate  and  fall  into  j)owder,  which  consists  of  grains  having  the 
form  of  Calcite. 

“ Iodide  of  mercury,  when  freshly  sublimed,  is  of  a lemon  yellow 
colour,  l)ut  it  gradually  becomes  scarlet  ns  it  cools,  or  suddenly  if 
vibrated  or  pre.ssed,  or  if  the  surface  of  a mass  of  crj’stals  be  scratched 
with  a pin.  A similar  change  of  colour  is  obserwable  in  many  cases 
where  no  dimorphism  has  been  traced,  because  the  substances  have  not 
crystallized  in  both  states.  Sulphide  of  mercur}’,  for  example,  obtained 
by  precipitating  a .salt  of  mercury  with  sulphide  of  hydrogcui,  is  black, 
but  when  sublimed  it  constitutes  cinnabar,  which  in  powder  forms  the 
pigment  Vermillion.  The  change  in  colour  is  often  accompanied  by 
changes  in  other  properties,  and  such  changes  also  occur  without  any 
change  of  coloiur, 

• The  Rtiident  will  recollect  that  the  syllable  “di”  may  either  mean  “twice”  or  “lialf,” 
.‘according  as  it  is  derived  from  Greek  or  Latin. 

t fkjinc  IsKlies  are  even  capable  of  assuming  three  incompatible  forms,  and  are  therefore 
said  to  be  Mmorjifioug.  Of  these,  sulphate  of  nickel  is  an  example. — (W.  K.  S.) 
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AUotropmn. — “ This  modification  in  the  properties  of  a l)o<ly,  not 
resulting  fnjm  chemical  comhinatioii,  has  been  called  by  Berztdius 
allotropy  (from  the  Greek  “ allotrojws,”  that  which  can  be  turned  from 
one  thing  into  another).  Dimorphism  is  merely  a particular  case  of 
allotropism,  of  the  influence  of  which  many  other  examples  might  be 
given  did  .space  pt'rmit. 

“ The  glassy  stnictui-e  of  bodies  is  connected  with  these  phenomena. 
Most  of  the  simple  silicates  of  lime,  iron,  etc.  (except  perhaps  the  very 
basic  silicates  of  lead),  even  when  formed  into  perfect  glas-s,  do  not 
retain  tliat  fonn,  a crystalline  structui’e  being  developed  in  them.  But 
a mixture  of  such  silicates  forms  true  glassy  masses,  which  remain 
permanently  in  the  glassy  state.  Even  in  these,  however,  if  kept  in  a 
.soft  state  for  a long  time  at  a high  temperature,  a species  of  crysbilliza- 
tion  takes  place,  which  is  termed  devitrification.  Tliis  was  at  one  time 
supposed  to  be  the  result  of  a separate  crystalluation  of  the  simple 
silicates,  but  is  probably'  only  depending  on  the  allotropism  of  the 
mi.xture.  * 

“ The  amorphous  condition  of  bodies  would,  in  like  manner,  appear 
to  l)c  in  some  instances  coimected  with  allotropism.  Many'  substances 
which  arc  chussed  as  amorj)hous  exhibit  a tendency  to  assiune  globular 
stnictures,  which  may  perhaps  be  considered  a third  foim,  in  addition 
to  the  glassy  and  crystalline  states.  Thus,  for  instance,  carnelian, 
when  polished  and  plunged  into  liquid  hydrofluoric  acid,  is  acted  upon, 
and  its  surface  in  a short  time  exhibits  the  concentric  layers  so  charac- 
teristic of  agates, 

A jwculiar  kind  of  allotropism  is  observed  among  several  metallic 
peroxides,  as  also  several  salt.s,  silicates,  etc.,  that,  after  being  heated  to 
a cerbiin  ix>int,  they  cea-si^  to  be  soluble  in  acids,  and  this  independently 
of  the  fact  of  those  that  are  hydrates  losing  their  water. 

“ This  seems  to  be  connected  with  the  fact  that  Silica,  for  in.stance, 
is  soluble  in  water  in  one  allotropic  state,  and  insoluble  in  another. 
It  has  quite  recently  been  discovered  that  even  alumina  and  .sesqui- 
oxide  of  iron  can  be  got  in  such  a .state  as  to  be  soluble  in  pure  water 
or  in  weak  acids,  while  at  the  same  time  they  are  in.soluble  in  strong 
acids. — (See  Journal  of  Chem.  f>oc,,  vol.  vi  p.  217 — "Walter  Ci-um’s 
paper  on  alumina  ; Pean  de  St.  Gilles  on  iron,  Compt.  Rendus,  tom,  xl. 
pp,  668  and  1243.) 

“ W'hen  we  consider  these  facts,  and  reflect  on  the  numbem  of 
bodies  that  are  susceptible  of  an  allotropic  condition,  and  recollect  that 
heat  is  evolved  as  a body'  pa.sses  from  one  state  to  another,  especially,  if 
indeed  it  be  not  always,  in  pas.sing  from  the  less  permanent  to  the 
more  stable  condition,  and  that  a difl’erence  of  specific  heat  exists  between 
dilFerent  allotropic  conditions  of  bodies,  we  cannot  help  believing  that 
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a light  is  dawning  upon  us  tliat  must  inevitably  modify  our  explana- 
tions of  the  chemical  phenomena  of  geology.” — W.  K.  S. 

Metamorphism  from  “ meta”  signifying  change  and  “ morphe”  form, 
and  pse^idomorphism  from  “pseudos”  false,  are  most  interesting  and 
important  divisions  of  this  subject,  but  they  will  be  considered  in  a 
future  place.  A particular  kind  of  pseudomorphism,  called paramorphism, 
will  also  be  hereafter  alluded  to,  and  in  connection  with  that,  the 
jmragenesis  (from  “ para”  “ side  by  side  with,”  and  “genesis”  generation) 
of  minerals  in  rocks. 


CHAPTER  II. 


aOCK-FORMINU  MINERAU8. 

Let  U8  now  select  from  Table  I.  the  following  fifteen  simple  sub- 
stances, which  are  more  especially  necessary  for  the  study  of  lithology, 
and  arrange  them  in  Table  IV.  with  their  symbols  and  equivaleut‘». 

TABLE  IV. 


Symbol. 

Simple  Substances. 

Equivalent  Number. 

1 

0 

Oxygen 

8.00 

2 

H 

Hydrogen 

1.00 

3 

C 

Carbon 

6.00 

4 

S 

Sulphur 

16.00 

5 

a 

C^llo^ine 

35.51 

6 

Si 

Silicon 

14.22 

7 

K 

Potassium 

39.17 

8 

Na 

So<lium 

23.21 

9 

Li 

Lithium 

6.54 

10 

Ba 

Barium 

68.53 

11 

Ca 

Calcium 

20.16 

12 

Mg 

Magnesium 

12.67 

13 

A1 

Aluminium 

13.69 

14 

Mn 

Manganese 

27.61 

15 

Fe 

Iron 

28.08 

Of  these  sunple  substances  the  first  five  combine  vanously  with 
each  other  and  with  the  other  ten  to  produce  various  primary 
compounds. 

In  what  follows  it  must  be  understood  that  the  attention  is  confined 
solely  to  those  substances  which  commonly  occur  in  rocks,  those  which 
are  truly  rock-constituents.  With  this  limitation  strictly  borne  in  mind 
we  may  say  that  No.  1 Oxygen  combines  with  all  the  rest,  one  after 
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another,  to  produce  tlie  most  common  substances  we  know,  all,  namely, 
excei>t  the  last,  in  the  foUowin*;  Table  V. 

Nos.  2 and  3,  Hydrogen  and  Carbon,  uncombined  with  Oxygen,  are 
found  only  in  organic  products,  and  in  those  mineral  substances  which 
are  derived  from  organic  pi*oducts,  and  do  not  enter  into  combination 
with  any  of  the  rest  to  produce  rock-formmg  minerals.  Sulphur  No.  4 
in  combination  Anth  iron  (bisulphide  of  iron,  iron  pyrites),  fre(piently 
occurs  in  rocks,  but  cannot  be  said  to  be  one  of  their  constituent 
minerals.  Chlorine  No.  5 is  found  in  combination  with  one  only  of 
the  succeeding  substances  to  produce  a rock-forming  mineral,  namely, 
with  sodiiun,  to  produce  chloride  of  sodium  or  rock-salt. 

TABLE  V. 


Name  of 

Prituar}-  Coiu])onnd. 

Number  of  Equivalents  of 
Simple  Substances. 

Symbol 
of  Coin- 
]>ouud. 

Equiva- 
lent of 
Com- 
]K>un(l. 

1.  Water  . . . . 

1 

of  oxygen  to  1 of  hydrogen 

HO 

9.00 

2.  Carbonic  acid  . 

2 

1 of  carbon 

CO* 

22.00 

.3.  Sulphuric  acid  . 

3 

1 of  sulphur 

SO’ 

40.00 

4.  Silicic  acid  (or  ) 

2 

1 of  silicon 

SiO* 

30.22 

Silica)  . . j 

5.  Alimiina  . . . 

3 

2 of  aluminium 

Al’O’ 

51.38 

6.  Peroxide  of  iron 

3 

2 of  iron 

Fe*  O’ 

80.16 

7.  Potash 

1 

1 of  potassium 

KO 

47.17 

8.  Sotla  .... 

1 

» 

1 of  sodium 

NaO 

31.21 

9.  Litliia  .... 

1 

yy 

1 of  lithiimi 

LiO 

14.54 

10.  Baryta  . . . 

1 

1 of  barium 

BaO 

76.53 

11.  Lime  . . . . 

1 

» 

1 of  calcium 

CaO 

28.16 

1 2.  Magnesia  . . 

1 

V 

1 of  magnesium 

MgO 

20.67 

13.  Protoxide  of  ) 

1 of  manganese 

MiiO 

35.61 

; manganese  . j 

1 

)t 

• 14.  Protoxide  of  iron 

1 

w 

1 of  iron 

FeO 

36.08 

1 1 5.  Rock  salt  (or  | 

j Chloride  of  > 

sodiiun) . . j 

1 

of  chlorine  to  1 of  sodium 

ClNa 

1 

1 

58.72 

By  examination  and  comparison  of  the  two  Tables  IV.  and  V.,  it  will 
be  seen  that  the  fii-st  five  substances  of  Table  IV.  ore  the  active  sub- 
stances which  can  combine  directly  with  others.  The  other  ten  do  not 
enter  into  combination  wth  each  other  untU  they  have  first  been 
vivified,  as  it  were,  by  a union  with  the  most  active  substance  Oxygen. 
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Even  then  the  simple  oxides  do  not  combine  with  each  other,  but  only 
with  those  substances  as  Silica,  which  have  received  at  least  a double 
dose  of  Oxygen  (or  are  deutoxides),  or  more  feebly  and  rarely  with 
the  sesquioxides,  as  Alumina. 

Even  among  those  first  five,  combinations  with  Oxygen  are  more 
frequent  than  those  with  the  other  four,  and  more  firm  in  proportion 
to  its  quantity.  Combinations  with  water  (H  O)  for  instance,  are  more 
frequent  than  those  with  hydrogen,  those  ^vith  carbonic  acid  (C  Oj) 
more  frequent  than  those  \^dth  carbon,  and  the  carbonates  are  decom- 
posed by  the  action  of  sulphuric  acid  (S  O3)  much  more  readily  than 
the  sulphates  by  carbonic  acid. 

In  the  preceding  Table  V.  will  be  found  a list  of  all  those  primary 
compounds  (or  compounds  of  two  elementary  substances),  a knowletlge 
of  which  is  essential  for  lithological  purposes,  together  with  tlie  number 
of  the  equivalents  of  the  simple  substances  of  which  they  are  com- 
pounded, the  symbols  representing  those  equivalents,  and  the  resulting 
equivalents  of  the  compounds. 

Every  mineral  which  enters  as  an  es.sential  constituent  into  the 
composition  of  rocks  is  either  one  of  the  simple  substances  contained  in 
Table  IV.,  one  of  the  primary  compounds  mentioned  in  Table  V.,  or 
lastly,  a secondary  comjmmd  or  sjilt  made  up  of  the  union  of  two  or 
more  of  those  primary  compounds,  or  a mixture  of  such  salts.  The 
following  descriptions  include  all  the  most  important  species. 

Minerals  formed  of  Simple  Substances. 

Of  the  simple  substances  contained  in  Table  IV.,  two  only  are  ever 
found  as  minerals,  namely.  Carbon  and  Sulphur. 

1.  Carbon  when  crystallized  iu  the  first  system  forms  the  diamond; 
when  in  an  allotropic  state  it  crystallizes  in  the  third  system,  it  fonns 
graphite  or  plmnJbago.  It  is,  however,  only  when  found  in  an  amoi-jdious 
stiite  as  a constituent  of  coal  tliat  we  need  notice  it  for  the  purposes  of 
lithology. 

2.  Sulphur  is  found  crystalline  in  minute  octahedrons  about  vol- 
canoes, but  pure  sulphur  never  occui*s  as  one  of  the  uncombined  consti- 
tuents of  rocks.  It  belongs  to  the  fouilh  system,  its  specific  gravity 
being  1.9  to  2.1. 

Minerals  formed  of  Primary  Compounds. 

Of  the  compound  substances  mentioned  in  Table  V.,  Silica  and 
Rock-salt  only  occur  in  nature  as  rock-forming  minerals. 

3.  Quartz  is  fonned  of  pure  silica  (Si  0**).  Its  crystals  belong  to 
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the  third  system,  their  most  usual  fonn  being  a six-sided  prism  ending  in 
six-sided  })}Tamids.  It  also  frequently  occurs  in  an  amorphous  state  as  a 
hard,  compact  stone,  commonly  milk  white.  Its  specific  gra\dty  is  2.65. 

Rock  crystal,  Bristol,  and  Irish  diiimond,  etc.,  are  common  names 
for  crystallized  quartz. 

When  coloured  by  slight  atlmixtures  of  other  substances,  as  iron, 
manganese,  etc.,  quartz  goes  under  various  names,  according  to  the 
variety  and  arrangement  of  colours,  state  of  tran.sparency,  etc. 

When  purjde,  it  is  called  amethyst;  .smoky  quartz  is  cairngorm; 
blue  quartz  is  siderite;  green  quartz,  'prase;  when  yellow  it  is  some- 
times called  Scotch  or  Bohemian  topaz.  Agate ^ jaspter^  camelian^  onyx^ 
sardonyx,  catseye.  Lydian-stone,  bloodstone,  chert,  and  fiint,  are  other 
forms  of  quartz. 

Opal  is  hydrated  silica,  i.  e.,  having  water  chemically  combined  with 
the  silica,  Menilite  and  Cacholong  arc  varieties  of  it ; and  chalcedony  is  a 
mixture  of  quartz  and  opal. 

Siliceous  sinter  is  an  opaline  silica  de}X)sited  on  the  margins  of  some 
hot  springs,  having  been  di.s.solved  in  the  water. 

4.  Rock-salt  (Na  Cl)  occurs  in  large  ma.s.ses  in  some  localities,  in 
l>eds  or  veins.  It  is  either  amorphoiLS,  or  more  or  less  completely  erj's- 
talline  ; the  primary  form  of  the  crystal  being  a cube,  and  therefore 
belonging  to  the  first  system.  Its  specific  gravity  is  2.1  to  2.2. 

Corundum  or  crystalline*  alumina,  and  speezdar  iron  or  crystalline 
sesejuioxide  of  iron,  would  come  imder  this  head,  but  cannot  be  called 
constituents  of  rocks. 

Red  hcematite,  however,  or  the  mnoqdious  condition  of  sesquioxide 
of  iron  (Fe,  Oa)  seems  itself  in  some  places  to  occur  as  a rack. — (See 
Mans.  Geol.  Survey,  Iron  Ores  of  Great  Brit. : Mr.  Smyth's  Obsa'vations 
on  the  Ilamatite  of  Cumberland). 


^IlNER^VLS  COMPOSED  OF  A SaLT  OR  A MIXTURE  OF  SaLTS. 

We  shall  take  the.se  in  the  following  onler,  namely — 1st,  the  com- 
binations with  Carbonic  acid  ; 2d,  those  with  Sulphuric  acid  ; and 
lastly,  those  with  Silicic  acid. 

Carbonates. — Of  the  carbonates  there  are  two  only  which  are  of 

importance  for  our  piu'j)o.se,  namely,  those  of  lime  and  magnesia,  to 

which  one  of  iron  mav  be  added. 

*/ 

5.  Carbonate  of  Lime,  Calcsjxir  or  Calcite,  is  a very  abundant  mine- 
ral. It  is  a mono-carbonate,  or  comi)0.sed  of  one  equivalent  of  lime 

• When  the  cr>stal  of  Ahiiiiina  (Al^  O^)  is  red  it  forms  the  ruby,  when  blue,  the  8ni)i>hirt>,' 
when  in  powder,  it  is  called  emery. 
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and  one  of  carbonic  acid  (Ca  O,  CO*)  ; the  bicarl M)nate  of  lime,  which 
would  be  sjTiibolised  as  Ca  O,  2 CO*,  not  being  detinitely  known. 

Ite  chemical  composition  is — Pereentago.  Biuiv.  At. 
Carbonic  acid  . . . 43.87  . 22.00  1 

Lime 56.13  28.16  1 


100.00  50.16 

Its  primary  crystal  is  a rhornbohedron,  belonging  to  the  third  system, 
but  the  modifications  of  this  form  are  very  numerous,  particular  forms 
of  crystals  l>emg  often  peculiar  to  particular  localities.  Coimt  Boiunon 
published  a work  containing  700  forms  of  ciy’stals  of  calcite,  of  which, 
however,  not  more  than  about  56  are  es-sentially  di.stiiict  from  each 
other.  It  is  sufficiently  soft  to  be  scratched  with  a knife,  and  it  elfer- 
vesces  freely  with  any  mineral  acid,  even  when  very  dilute.  Its  spe- 
cific gravity  is  about  2.7. 

When  carbonate  of  lime  dissolves  in  water  holding  CO*  (carbonic 
acid),  a bicarbonate  is  supposed  to  be  fonned,  but  on  the  evaporation  of 
the  water  the  CO*  also  escapes,  and  the  simple  carbonate  alone  remains. 
If  bicarbonate  of  lime  be  really  produced,  it  seems  to  be  iiicaj>able  of 
assuming  a solid  form.  Sir  R.  Kane  (Elements  of  Chemistiy,  j).  695, 
2d  edit.)  says  the  solution  of  carbonate  of  lime  in  water  containing  car- 
bonic acid  is  not  due  to  the  formation  of  a bicarbonate  of  lime,  but  to  a 
specific  solvent  power  which  a .solution  of  carbonic  acid  in  water  ha.s 
on  many  bodies,  as  silicix,  ])hosphate  of  lime,  etc.,  which  a^t^  insoluble 
in  pure  water.  Bischof  (vol.  iil  p.  171)  says  that  carbonate  of  lime  di.s- 
solved  in  water  containing  carbonic  acid  gas  is  probably  in  the  state  of  a 
sesquicarlwnate,  and  the  same  with  dls.solved  carbonate  of  magno.sia. 

6.  Arragonite  is  the  same  substance  in  a <lifferent  form,  the  crj'stal'^ 
belonging  to  the  fourth  system,  and  having  many  secondary  fonns. 

It  is  rather  harder  than  calcite,  and  its  spt^cific  gravity  rather  greater, 
Wing  sometimes  as  much  as  3.  It  not  unfrequeiitly  contiun.s  a small 
proportion  of  strontia. 

The  importance  of  arragonite  as  a constituent  of  rocks  is  very  slight 
compared  with  that  of  calcite. 

7.  Magnesit€j  or  Carbonate  of  Magnesia^  is  coinpo.sed  of  one  equiva- 


lent  of  carbonic  acid  and  one 

of  magnesia  (=  Mg 

0,  CO*), 

its  normal 

composition  being — 

Percentage. 

Equiv. 

At. 

Carbonic  acid  . 

52.38 

22.00 

1 

Magnesia 

47.62 

20.10 

1 

100.00 

42.10 
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Tliis  is  by  no  means  an  abundant  or  important  mineral,  carbonate 
of  magnesia  usually  f)ccurring  in  combination  with  carbonate  of  lime  to 
form  the  mineral  called  — 

8.  Dolomite  (from  M.  Dolomieu),  Bitter  Spar,  Brow)x  Spar,  Pearl 
Spar,  or  Magnesian  Limestone. 

The  chemical  com])osition  of  this  mineral  varies  according  to  the 
j)ro})ortions  of  the  two  caibonates  W’hich  are  mingled  in  it.  Its  normal 
composition  may  be  stated  as  Ca  O,  CO*  + Mg  0,  CO*,  gi^'ing  the  fol- 
lowing percentage — 

Carbonate  of  lime  ....  54.3 

Carbonate  of  magnesia  ....  45.7 


100.0 

But  the  proportions  vary  greatly,  and  often  indefinitely. 

Its  hardness  and  specific  gravity  are  not  greatly  different  from  those 
of  calcite,  and  its  primary  crystal  is  also  rhombohedric  (third  system)  ; 
but  dolomite  may  be  often  distinguisluKl  from  calcite  by  its  peculiar 
pearly  lustre,  and  by  the  comparative  difficulty  and  slownes.s  with  which 
it  effervesces  in  acids. 

9.  Chalghite  (from  Clialybs,  a Greek  word  for  iron),  Sjmthic  iron 
ore,  iron  spar,  or  spharrosiderite,  is  a monocarl )onate  of  protoxide  of 
in>n  or  Fe'O,  COj,  ha^^ng  the  following  ])ercentAge  : — 

FeO 61.4 

C Oj 38.6 


1 00,0 

It  is  harder  than  calcite,  with  a siK-cilic  gravity  of  3,83  or  3.87.  It 
is  isomorphous  with  ciilcite.  Its  crystals  belong  to  the  third  system.  It 
is  mentioned  here  as  forming  a constituent  of  the  rock  known  as  clay 
ironstone,  in  which  it  is  mingled  with  clay  in  an  amorphous  state. 

Sulphates. — The  only  sulphate  which  is  of  any  importance  a.s  a 
constituent  of  rocks  i.s — 

10.  Oj/psum  (g>T)sos  is  the  Greek  word  for  this  substance),  or  Snl- 
phate  of  Lime. — Tlie  chemical  composition  of  this  mineral  is  one  equi- 
valent of  lime,  one  of  sulphuric  acid,  and  two  of  water,  being  a bi hy- 
drated sulphate  of  lime.  Its  normal  formula  is  Ca  O,  SO’  + 2 HO, 
giving  the  following  ix,*rcentage — 

Lime  ......  32.56 

Sulphuric  acid  .....  46.51 

Water  ......  20.93 


100.00 
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Its  cn'stalline  system  is  the  fifth  or  ohlique  prismatic.  It  also  fre- 
quently occurs  fibrous,  granular,  or  compact.  It  is  softer  than  calcspar, 
and  its  specific  gravity  is  about  2.3.* 

Compact  white  gypsum  is  called  ahibaster  ; the  transparent  crystals 
are  callwl  selenite. 

1 1.  Anhydrite  (from  the  Greek  “ a ” or  “ an  ” without,  and  “ hydra  ” 
water),  is  sulphate  of  lime  without  water,  its  foimula  being  Ca  O,  SO*, 
which  gives — 

Lime  ......  41.18 

Sulphuric  acid  . . . . . 68.82 


100.00 

It  is  harder  and  heavier  than  tnie  gypsum.  Its  crystals  are  called 
Muriacite. 

The  combinations  of  lime  and  magnesia  w’ith  gaseous  carbonic  acid 
may  take  place  at  the  onlinary  temperatures  of  the  air,  either  directly 
from  the  atmosphere  or  through  the  medium  of  water,  and  that  of  lime 
with  liquid  sulphuric  acid  at  any  ordinarj’’  temiKjrature. 

Silicates. — In  order  to  induce  the  solid  silicic  acid,  or  Silica,  how- 
ever, to  enter  into  combination  with  any  of  the  bases,  it  is,  in  the 
majority  of  cases,  nece.ssary  that  the  two  be  mingled  together  in  a fine 
state  of  division,  and  be  subjected  to  a very  high  temperature. 

For  the  prcKiuction  of  the  artificial  silicates,  gla.ss  and  porcelain,  the 
heat  of  a furnace  is  nece.ssaiy.  It  is  useful  to  remember  tlds  fact  when 
examining  the  great  group  of  tlie  natural  silicates. 

The  silicates  of  poUish  and  soda  which  are  the  bases  of  artificial 
glass,  do  not  occur  alone  as  natural  minerals,  though  they  enter  into 
the  composition  of  many. 

Silicate  of  lime,  however,  occurs  both  as  a detached  simple  mineral 
called  ^^ollaetonite  (after  Dr.  Wollaston),  or  Tabular  JSyar^  and  as  a 
constituent  of  other  minerals. 

The  silicates  of  magnesia  form  minerals,  which  are  of  more  import- 
ance for  our  purpose,  of  which  the  four  following  may  be  described — 

12.  Chrysolite  (from  “chrysos,”  gold,  and  “lithos,”  stone),  and  Olivine^ 
consists  of  two  equivalents  of  magnesia  to  one  of  silica,  having  the 
nonnal  formula  2 Mg  0,  Si  0*,  which  gives  the  percentage — 

Magnesia  ......  56.34 

Silica  ......  43.66 

100.00 

♦ The  g3T)seous  alabaster  must  not  be  confounded  with  the  true  or  Oriental  alaba.stcr, 
which  is  a species  of  stalactitic  carbonate  of  lime. — W.  K.  S. 
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Tlie  crystalline  systoni  is  the  fourth  or  right  prismatic.  Tlie  specific 
gravity  about  3.4,  harder  than  felspar,  transparent,  generally  of  a 
yell o\\-ish -green  colour.  It  is  infusilde  before  the  blow-pipe,  ^ine  of 
the  magnesia  is  commonly  replaced  by  iron,  sometimes  as  much  as  1 5 
per  cent. 

13.  iSerj)entine  (noble  serpentine)  has  three  equivalents  of  magne.sia 
to  two  of  silica  and  two  of  water,  having  the  normal  foniiula  3 Mg  O, 
2 Si  0*  -f  2 HO,  or  2 (Mg  0 Si  O*)  + (Mg  0,  2 HO),  giving  the  pro- 
portions— 

Magnesia  . . . . . . 42.86 

Silica  ......  44.28 

Water  ......  12.86 


100.00 

SjKJcific  gravity  2.55,  hard  as  calcspar,  translucent,  generally  of  a 
green  colour  and  waxy  lustre.  Fuses  at  the  edges  before  the  blow- 
pipe to  a white  enamel. 

Varietjated  Asleatos  has  the  same  composition. 

SchiUerspar  and  Picrosmhie  have  nearly  the  sAme  composition  jis 
Serpentine. 

1 4.  Talc  is  formed  of  five  equivalents  of  silica  with  four  of  mag- 
nesia. Its  nonual  fonnuhi  may  be  stated  as  2 (Mg  0 Si  0*)  4-  (2  Mg 
0,  3 Si  0*),  giving  the  following  percentage — 

Magnesia  ......  34.04 

Silica 65.96 


100.00 

It  occura  in  rhombic  and  sLx-sided  tabular  crj'stals  belonging  to  the 
third  system  ; specific  gravity  about  2.7,  softer  than  g}*])sum,  translucent, 
pearly  lustre,  unctuous  touch.  Splits  into  laminaj  before  blow-pijat, 
and  hartlens  without  fusing. 

1 5.  Steatite  (from  “ stear,”  fat),  or  Soapstone,  has  four  equivalents  of 
silica  to  three  of  magnesia,  or  Mg  0,  Si  O + 2 Mg  O,  3 Si  0*,  giving — 

Magnesia  . . . . . . 32.61 

Silica 67.39 


100.00 

Specific  gravity  2.6,  soft,  unctuous,  slightly  translucent.  Before 
hlow-pipe  fuses  at  edges  to  white  enamel. 

The  following  silicates  of  magnesia  and  lime  are  of  still  higher  im- 
]»ortance. 
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1 6.  Augite^  or  Pyroxene  (from  “ p}T,”  fire  ami  “ xenos,”  a guest),  is 
most  probably  a monosilicate  of  magnesia  and  lime — that  is,  it  contains 
two  equivalents  of  silica  to  one  of  magnesia  and  one  of  lime,  having  the 
normal  formula  Ca  0,  Si  0’  + Mg  O,  Si  0*,  which  would  give  the  per- 
centage— 


Magnesia 18.18* 

Lime  ......  25.46 

Sdica  ......  56.36 


100.00 

Its  crystalline  system  is  the  fifth  or  oblique  prismatic.  Specific 
gravity  about  3.4,  hardness  rather  less  than  feldspar.  Fu.ses  ^nth 
various  degrees  of  facility  according  to  composition,  the  magnesia  being 
often  replaced  to  a large  extent  by  protoxide  of  iron. 

Biallage,  or  Bronzite,  has  a similar  composition,  but  the  bases  are 
more  numerous  and  variable,  and  there  is  generally  present  1 to  4 per 
cent  of  alumina,  and  from  ^ to  4 per  cent  of  water. 

Hypersthene  is  also  like  Augitc  in  its  chemical  composition,  but  has 
commonly  less  lime. 

17.  Ilornblende,  or  Amphibole  (from  the  Greek  word  “ amphibolos,” 
doubtful),  is  a comix)\md  of  6 equivalents  of  sUica  to  5 ecpiivalents  of 
base  ; ha\’ing  the  fonnula  3 (Mo,  Si  0“),  + 2 Mo,  3 Si  O®,  where  the  base 
Mo  denotes  a variable  mixture  of  magnesia  and  lime,  and  the  protoxides 
of  iron  and  manganese. 

Alumina  is  often  present  either  as  an  aluminate  of  magnesia,  or  an 
aluminate  of  iron  ; not  nnfrequently  fluoride  of  calcium  also  occurs. 
The  composition  varies  much,  wdthin  certain  limits,  as  may  be  seen  from 


the  followng  three  analyses 

given  by 

Gmelin  : — 

Lime 

13.19 

9.82 

14.41 

Magnesia  . 

18.84 

12.85 

15.44 

Iron,  protox. 

7.77 

19.19 

9.05 

Silica 

46.53 

50.71 

47.86 

Alumina  . 

12.10 

7.01 

13.24 

Fluoric  acid 

1.57 

0.42 

100.00 

100.00 

100.00 

* Analyses  by  Wackenroder,  Bonsdorf,  and  Rose,  come  sufficiently  near  to  this  normal 
formula  to  warrant  us  in  stating  it  as  a good  theoretical  idea  of  augitc.  In  fact,  both  lime 
and  magnesia  are  variously  replaced  by  oxides  of  manganese  and  iron.  Many  augites  also 
contain  alumina,  and  may  then  bo  looked  on  as  mixtures  of  (say)  5 atoms  of  true  augite  with 
one  of  some  kind  of  garnet. 
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Crystiilline  system  the  fifth  or  oblique  prismatic.  Specific  ^o^vity 
about  3.2  Hardne.ss  less  than  feldspar.  Colour  dark  gi'een,  almost 
black  sometimes.  Before  blow-pipe  readily  swelling  up,  aud  fusing  to 
a dark  glass. 

TremoUie  has  a similar  comi>osition  ; a specific  gravity  of  2.93,  and 
fuses  with  diflicultv  to  a colourless  "lass. 

w O 

ActinoUtey  similar  composition  ; specific  gravity  3.03  ; coloured  green 
by  chromium  and  iron. 

Antho})hi/Uite.j  similar  compo.sition  ; speidfic  gravity  3.2  ; fuses  with 
great  difficulty  to  a blackish-gray  glass. 

Onihmry  AshestoSy  Amianthm  (Greek  words  signifying  “ indestruc- 
tible” and  “ unpollutable”),  Wood-asbestoSy  Petrified  Corky  Byssolitey  etc., 
consist  of  tremolite,  actinolite,  or  common  hornblende,  in  a very  fine 
fibrous  state. 

“ \Mien  one  atom  of  lime  is  fused  with  one  atom  of  magnesia  ami 
two  atoms  of  .silica,  or  one  atom  of  lime  with  two  atoms  of  magne.ria  and 
six  of  silica,  and  the  ma.ss  very  slowly  cooled,  it  crystallize.s  in  the  fonn 
of  augite.  The  first  mixture  yields  a mass  resembling  ordinary  augite  ; 
the  latter  a ma.‘w  like  augite  from  Finland.  In  the  c^avities  of  a slag 
from  an  iron  fuiiiace,  fed  with  a hot  air  blast,  Noggerath  found  artificial 
crystals  of  augite.” — Gmeliny  vol.  iii.  p.  402. 

“ G.  Rose  (Pogg.  22,  321 ) considers  that  augite  and  honiblende  belong 
to  the  same  chiss,  and  for  the  following  reasons  : — the  angles  of  either 
of  these  minerals  may  be  reduce<l  to  those  of  the  other  ; crystals  are 
found  in  the  form  of  augite  w ith  the  cleavage  of  homl.dende  ; w^hen 
c^}^st^lls  of  hornblende  and  augite  have  grown  together,  their  axes  are 
jxirallel  ; the  specific  gravity  and  compo.sition  of  the  two  minerals  are 
identical  ; if  the  fused  ma.ss  is  ra})idly  cooled,  it  assumes  the  appearance 
of  augite,  and  if  cooled  slowly,  it  seems  to  cr}’sl«dlize  in  the  fonn  of 
hornblende.  When,  therefore,  both  are  fouml  together,  the  hornblende 
surrounds  the  crystals  of  augite,  which  are  the  first  ])roduced.  From 
this  cause  honiblemle  is  accompanied  by  (piartz,  feldsjmr,  albite,  and 
other  minerals  which  are  formed  by  the  slow  cooling  of  molten  ma.sses ; 
augite,  on  the  contrary,  is  found  wuth  olivine,  which  crystallizes  by 
nqiid  cooling.  For  the  same  reason,  slags,  from  being  too  q\iickly 
cooled,  yield  only  crystals  of  augite.  According  to  Mitscheiiich  and 
Berthier,  also  the  fu.siiig  togetlier  of  lime,  magne.sia,  and  silica,  yields 
white  crystals  of  augite,  but  none  of  honiblende  ; and  even  tremolitty 
fused  l>y  Mitscherlich  and  Berthier  in  a charcoal  crucible,  or  actinolitfy 
by  G.  Rose,  in  a platinum  crucible  in  a potter’.s  furnace,  solidified  to  a 
mass  con.sisting  of  distinct  crystals  of  autjite — (G.  Rose).  It  is  remark- 
able. that  hornblende  is  always  richer  in  siliai  than  augite.” — Omeliny 
II.  B.,  vol.  iii.  p.  408. 
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Vralite. — “ Scbeerer  has  used  the  law  of  pararaorphic  pseudo- 
morphism to  exphiin  the  structure  of  this  mineral,  which,  with  the 
composition  of  hornblende,  has  the  external  fonn  of  auj,dte,  and  verj' 
often  a crystal  of  true  augitc  within  it,  while  the  external  layer  exhibits 
the  cleavage,  and  all  other  proj>erties  of  hornblende.” — W.  K.  S, 

Tlie  silicates  of  alumina  are  a still  more  iin]K)rtant  and  numerous 
class  than  those  of  magnesia,  csj>ecially  those  which  are  combined  with 
silicates  of  poUsh,  soda,  lime,  magnesia,  etc, 

CoUyriU  and  OiKiUne  AUophane  are  hydrated  silicates  of  alumina,  in 
which  there  is  one  equivalent  of  silicua  to  two  of  aluniina. 

18.  Andalasite  and  ChiaMolite  (andalusite  from  “Andalusia”; 
cliia'»tolite  from  the  Greek  letUjr  “ chi,”  which  it  resembles  in  form), 
are  anhytbous  silicates  of  alumina,  andalusite  havmg  the  normal  foimula 
Al*  O*,  Si  O’,  and  the  iKjrcentage,  of — 

Alumina  ......  62.38 

Silica  ......  37.62 


100.00 

Ciystals  right  rhombic  prisnLs  of  the  fourth  system.  Specific 
gravity,  andalusite,  about  3.1  ; chiastolite,  about  3.0.  Andalusite  harder 
than  quartz  ; chiastolite  softer  than  feldsjiar.  Infusible. 

10.  Staurolite  (from  “ stauros,”  a cross,  and  “ lithos,”  .stone),  has 
two  equivalents  of  silica  to  three  of  alumina  ; one  of  the  latter,  how- 
ever, being  generally  replacetl  by  one  of  peroxide  of  iron.  Its  normal 
formula  is  2 AU  O’,  Fe’  O*  + 2 "si  O’,  giving  the  j>ercentage  of — 

Sesquioxide  of  b*on  ....  17.6 

Alumina  . . . . . . 51.4 

Silica 31.0 


100.0 

It  belongs  to  the  fourth,  or  right  prismatic  sj^stem  of  crystallization. 

Tlie  crystals  frequently  intersect  each  other  in  the  fonn  of  a cross, 
whence  its  name.  Specific  gravity  3.5  to  3.8  ; harder  than  quartz. 
Translucent ; dark  red,  or  brown.  Fu.ses  at  the  edges  to  a black  .slag. 

Clay,  when  pure,  is  a hydrated  bisiliwite  of  alumina. 

Bole  is  the  Siime,  with  part  of  the  alumina  replaced  by  peroxide  of 
iron. 

We  pass  over  several  minerals  which  occur  rarely  or  in  unimpor- 
tant quantities,  and  come  to 

20.  Chlorite  (from  “ chloros,”  green  like  a growing  plant),  which  is 
a compound  of  foiu-  eijuivalents  of  silicate  of  magnesia  with  1 of  siliaito 
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of  alumina  and  3 of  water.  Ite  normal  formula  is  4 Mg  0,  Si  O* 
+ Al*  O*,  Si  ()“  + 3 HO,  giving — 


Magnesia  ......  25.47 

Protoxide  of  iron  ....  14.94 

Alumina  ......  21.81 

Silica  ......  26.32 

Water 11,46 


100.00 

Crystalline  system  the  third  or  rhomboliedral.  Specific  gravity 
about  2.8  ; soft,  dark  green,  nearly  infusible. 

21.  Biotite^  Uniaxal  or  Magnesia  Mica^  has  a similar  com]K)sition 
for  its  principal  vtirieties.  The  follo^^Tng  gives  the  composition  de- 
duced from  some  analyses — 


Pota.sh  ......  8.44 

Magnesia  . . . . . . 16.14 

Pi'oto.xide  of  iron  ....  13.46 

Peroxide  of  iron  ....  6.67 

Ahunina  . . . . . . 13.10 

Silica 42.19 


100.00 

Crystalline  sy.stem  the  third  or  rhombohedral.  Specific  gravity 
about  2.8  ; hardness  between  g}^sum  and  calcspar.  Dark  green  or 
brown,  inclining  to  black  ; translucent.  Fuses  pretty  ea.sily  to  a semi- 
opaque glaSvH. 

Orthite  has  a somewhat  similar  composition,  but  contains  a ^'er)' 
variable  quantity  of  water. 

22.  VesuviaHy  or  IdocrasCy  is  a silicate  of  lime,  combined  with  a 
silicate  of  alumina,  having  the  fonnula  3 Ca  0,  2 Si  0*  + AP  0®,  Si  O®, 
some  of  the  lime  being  replaced  by  magnesia  and  protoxide  of  iron, 


giving  the  following  analysis — 

Lime  ......  32.26 

Magnesia  ......  2.43 

Protoxide  of  iron  ....  3.80 

Alumina  ......  19.93 

Silica  ......  40.58 


99.00 

It  belongs  to  the  second,  or  square  prismatic  system.  Specific 
gravity  = 3.3  to  3.4  ; harder  than  feldspar.  Transparent,  yellowish- 
green,  swells  up  and  readily  fuses  before  blow-pipe. 
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23.  Garnet  is  similar  in  composition  to  Vesuvian,  but  is  dimorphous 
with  it,  belonging  to  the  first  or  regular  system  of  crystallization.  Both 
the  lime  and  the  alumina,  however,  in  tlie  formula  for  Vesuvian,  may 
be  replaced  by  magnesia,  manganese,  and  iron,  and  the  analyses  vary 
accordingly.  We  have,  therefore,  calcareous-alumina  gamely  which  pre- 
dominates in  Cinnamon  stone  ; magneaio-alumin/i  garnet  in  the  black 
garnet  of  Arendal  ; manganedo-alumina  garnet  in  a North  American 
variety,  and  one  from  Brodbo  ; ferruginous  alumina  garnet  in  Oriental 
Almandine  and  other  red  varieties  of  precious  garnet ; and  calcareous 
iron  garnet  in  the  ordinary  yellow,  brown,  and  black  garnets,  and  in 
Melcmite. 

Specific  gravity  varies  from  3.4  to  4.3,  rather  harder  than  quartz, 
transparent,  of  various  colours,  fuses  readily  into  a transparent  glass. 

24.  Epidote  has  three  equivalents  of  protoxide  bases  to  two  equiva- 
lents of  alumina,  having  the  fonnula  3 (Ca  O,  Mg  O,  Mn  0,  Fc  0),  2 
Si  0>  + 2 (Al»  O*,  Si  0»). 

The  protoxide  base  is  lime  in  Zoisite  or  calcareous  epidote,  replaced 
in  large  measure  by  iron  in  Pistacite  or  ferruginous  epidote,  and  by 
protoxide  of  manganese  in  manganesian  epidote.  In  the  two  latter, 
part  of  the  alumina  is  also  replaced  by  the  peroxides  of  manganese  and 
iron.  Epidote  has  for  its  primary  crystal  a riglit  rhomboidal  prism, 
(fourth  system).  Its  specific  gravity  is  3.0  to  3.5  ; harder  than  feld- 
spar ; fusible  before  the  blow-pipe. 

26.  Prehnite  has  two  equivalents  of  a silicate  of  lime  to  one  of  a 
silicate  of  alumina  and  one  of  water,  or  2 (Ca  0,  Si  O')  + Al“  0^,  Si 
O*  + HO,  giving— 

Lime 26.74 

Alumina 24.55 

Silica 44.41 

Water 4.30 


100.00 

It  appears  then  that  Prehnite  is  a hydrated  Epidote. 

Crystalline  system  the  fourth  or  rhombic,  specific  gravity  2.92, 
harder  than  feldspar,  translucent,  of  a light  colour,  fuses  to  a blistered 
glass. 

Many  varieties  of  umaxal  or  magnesia  mica  appear  to  have  a some- 
what similar  composition,  the  protoxide  bases  being  Mg  0,  KO,  Ca  O, 
Fe  O.  It  has  not  been  yet  satisfactorily  shewn  whether  the  water 
which  mica  contains,  is  an  essential  constituent ; the  same  rennirk 
applies  to  the  fluoride  of  calcium  which  it  also  contains. 

26.  ScapolitCy  or  Wemerite,  is  Ca  O,  Si  O*  + Al^  0*,  Si  0*,  that  is, 
a silicate  of  alumina  with  a silicate  of  lime,  giving  the  percentage — 

C 2 
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19.80 

36.35 

43.85 


100.00 

Crystalline  system  the  second  or  square  prismatic.  Specific  gravity 
2.7  ; softer  than  feldspar.  Colourless  and  translucent.  Fuses  before 
blow-pipe. 

Anorthite  has  a similar  composition  ; small  portions  of  the  lime 
being  replaced  by  potash,  soda,  and  magnesia. 

Palagonite  is  an  amorphous  highly  hydrated  Scapolite. 

27.  RJiyacoUte  (from  “rhyax,”  a sti-eam,  i.e.  of  lava)  consists  of  one 
equivalent  of  silicate  of  potash,  soda,  or  lime,  and  one  of  a silicate  of 
ulumina  ; or  (KO,  Na  0,  Ca  0)  Si  O*  + Al*  O*,  2 Si  0*,  giving  the 
percentage — 


Potash 

6.58 

Soda 

11.60 

Lime 

1.30 

Aluininh 

28.66 

Silica 

51.86 

100.00 

Its  crystalline  system  is  the  fifth,  or  oblique  prismatic.  Specific 
gravity  = 2.6.  Before  the  blow-pipe,  fuses  rather  more  readily  than 
feldspar  (orthoclase). 

28.  Pinite  has  one  equivalent  of  silicate  of  potash,  or  protoxide  of 
iron,  to  one  of  bisilicate  of  alumina,  and  also  contains  water  ; or  (KO, 
Fe  O)  Si  0*  + Al’  0*,  2 Si  O*  + HO,  giving— 


Potash  ......  12.42 

Protoxide  of  iron  . . . . 9.26 

Alimiiua  ......  27.04 

Silica  ......  48.92 

Water  ......  2.36 


100.00 

Pinite  then  is  hydrated  Rhyacolite. 

Its  ciystalline  system  is  the  third  or  hexagonal.  Specific  gravity 
2.8.  Softer  than  orthoclase  ; slightly  translucent.  Becomes  colourless 
before  blowpipe,  and  fuses  at  edges  to  blistered  glass. 

29.  Labrador ite  consists  of  one  e(jui valent  of  silicate  of  soda,  three 
of  silicate  of  lime,  and  four  of  a silicate  of  alumina  ; or  Na  0,  Si  0 + 
3 (Ca  O,  Si  O’)  + 4 (Al*  O’,  Si  O’),  giving— 


SILICATES  OF  ALUMINA. 


43 


Soda 

• • 

4.50 

Lime 

• • 

12.13 

Alumina  . 

29.68 

Silica 

• • 

63.69 

• 

Crystalline  system  the  sixth,  or 

100.00 

doubly  oblique  prismatic.  Specific 

gravity  about  2.7.  Fuses  rather  more  readily  than  orthoclase. 

30.  Thomsonit€f  or  Comptonitey  is  exactly  the  same  in  composition, 
but  containing  a large  proportion  of  water,  so  that  its  normal  formula 
is  given  as  Na  O,  Si  0=,  + 3 (Ca  0,  Si*  0)  + 4 (Al*  0*,  Si  0*)  + 8 HO, 
that  is,  1 equivalent  of  silicate  of  soda,  3 of  silicate  of  lime,  4 of  silicate 
of  alumina,  and  8 of  water. 

Fourth  or  rhombic  system.  Specific  gravity  2.3.  Harder  tlian 
fiuor-spar.  Transparent.  SweUs  up  before  blow-pipe,  becomes  oj)a(pie, 
and  fuses  at  edges  to  white  enamel. 

Thomsonite  then  is  hydrated  Labradorite. 

31.  Leucitej  from  “leucos”  white,  has  one  equivalent  of  silicate  of 
potash,  and  one  of  silicate  of  alumina,  or  KO,  Si  O*  + Al*  0®,  3 Si  O’, 
gi\dng — 

Potash  ......  21.20 

Alumina  ......  23.09 

Silica 55.71 


100.00 

It  belongs  to  the  first  or  regular  system  ; has  a specific  gravity 
about  2.4  ; a hardness  rather  less  than  oitlioclase  ; is  transparent,  and 
infusible. 

32.  Orthoclase  (from  “orthos”  straight,  and  “clao”  to  cleave, 
referring  to  its  smooth  cleavage).  Potash  Feldspary  or  Common  Feldspar y 
has  one  equivalent  of  trisilicate  of  potash  and  one  of  monosilicate  of 
alumina,  or  KO,  3 Si  0*  + Al®  0®,  3 Si  0®,  giving — 

Potash 16.59 

Alumina  ......  18.06 

SUica'  ......  65.35 


100.00 

Its  crystalline  system  is  the  fifth  or  oblique  prismatic.  Specific 
gravity  2.5  to  2.6,  increasing  according  as  potash  Ls  replaced  by  soda  or 
lime.  Softer  than  quartz.  Colourless,  or  slight  flesh  or  yellow  coloured. 
Fuses  with  great  difficulty  to  a blistered  turbid  glass. 
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Adalarut,  or  transparent  Feldspar,  and  Sanidinej  or  Glassy  Feldspar, 
are  the  same  mineral  as  Orthoclase,  but  in  the  form  of  a glass  more  or 
less  clear  and  transparent. 

In  the  specimens  of  adiilaria  from  volcanic  districts  more  than  4 
per  cent  of  soda  Ls  sometimes  found,  while  in  that  from  St.  Gothard, 
according  to  Abich,  there  is  not  more  than  1 per  cent. 

The  ornamental  stones  called  Moon  stone,  and  Amazon  stone,  are 
ortlioclase. 

33.  Alhite  (from  “albus”  white).  Soda  Feldspar y has  one  equivalent 
of  trisilicate  of  soda  and  one  of  monosilicate  of  alumina,  or  Na  O,  3 Si 
0*  + Al*  O’,  3 Si  O*,  giving— 

Soda 11.62 

Alumina  . . . . . . 19.13 

SUica 69.25 


100.00 

It  belongs  to  the  sixth  or  doubly  oblique  system  of  crystallization. 
Its  specific  gravity  is  2.6,  and  before  the  blow-pipe  behaves  like 
Orthoclase. 

Pericline  is  an  albite,  in  which  part  of  the  soda  has  been  replaced 
by  potash.  It  fuses  more  readily  than  albite. 

34.  StilhitCy  or  DesmiivSy  has  one  equivalent  of  trisilicate  of  lime, 
one  of  monosilicate  of  alumina,  and  six  of  water,  or  Ca  O,  3 Si  O’  + Al’ 

O’,  3 si»  + 6 no. 

Its  crysUil  belongs  to  the  fourth  system.  Its  specific  gravity  is  2.2. 

It  may  be  looked  on  as  hydrated  Albite,  or  Orthoclase. 

36.  Oligoclas€j  or  Soda  Spodumene  (from  “oligos”  little,  and  “clao” 
to  cleave,  as  not  being  so  readily  cleavable  as  orthocla.se),  is  probably 
compose<l  of  three  equivalents  of  monosilicate  of  soda,  and  four  of 
mouosilicate  of  alumina,  which  would  be  expressed  by  the  formula,  3 
(Na  0,  Si  0*)  q.  4 (Al®  0*,  3 Si  O’),  in  which  O in  a : 0 in  b 30  : 
15:2:1,  or  3 (2  : 1)  + 4 (6  : 3 = 2 : 1),  but  there  is  a little 
uncertainty  about  its  exact  composition. 

It  is  also  known  as  Avanturine  Feldspar y and  Stmstone. 

Crystalline  system  the  sixth,  or  doubly  oblique  prismatic.  Specific 
gravity  2.6.  Hardness  equal  that  of  orthoclase  ; more  or  less  translu- 
cent. Colour  white,  gray,  or  greenish.  Fuses  more  easily  than  ortho- 
clase or  albite. 

35.  MuscovitCy  Biaxialy  or  Potash  Micay  the  composition  of  which  is 
stated  as  one  equivalent  of  trisilicate  of  potash  to  three  of  tribasic  sili- 
cate of  alumina  = (K0,  3 Si  0*)-j-(Al*  O’,  Si  O’),  part  of  the  potash 
being  leplaced  by  lime  and  the  protoxides  of  iron  and  manganese,  and 
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imrt  of  the  alumina  by  sesquioxide  of  iron,  manganese,  or  chromium. 
One  analysis  gives — 

Potash  ......  1 0.09 

Protoxide  of  iron'  ....  1.50 

Sesquioxide  of  iron  ..  ..  3.35 

Alumina  ......  37.36 

Silica 47.70 


100.00 

Crystalline  system  the  fifth  or  oblique  prismatic.  Specific  gravity 
about  2.9.  Hardness  between  gyi)8um  and  calcspar.  Transparent, 
colourless,  or  light-coloured  with  metallic  pearly  lustre.  Fuses  with 
various  degrees  of  facility  to  a turbid  glass.  Often  contains  fluorine. 

This  is  the  ordinary  variety  of  mica.  When  it  contains  chrome  it 
is  known  as  Fuchaite. 

36.  Tourmaline^  or  Schorl^  is  a combination  of  a double  silicate, 
with  a borate,  but  the  analyses  are  so  varied  and  indefinite  as  not  to  be 
reducible  to  a common  formula.  The  following  is  an  example — 


Soda 4.99 

Protoxide  of  magnesia  . . . 2.85 

Protoxide  of  iron  . . . . 2.81 

Sesquioxide  of  iron  . . . . 6-27 

Alumina  ......  39.72 

Silica  ......  39.65 

Boracic  acid  . . . 3.7 1 


100.00 

Primary  form  an  obtuse  rhombohedron  of  the  third  system.  Specific 
gravity  3.  to  3.3.  Softer  than  quartz.  Every  degree  of  transparency, 
from  perfect  clearness  to  complete  opacity  ; and  is  variously  coloured. 
Before  the  blow-pipe  swells  up  and  fuses  to  a slag. 

37.  Porcelain  Spar^  a combination  with  a chloride,  consists  of  four 
equivalents  of  the  double  silicate  of  lime  and  alumina  with  one  of 
cWoride  of  sodium. 

38.  Lithia  Mica^  or  Lepidolite^  a combination  with  a fluoride,  con- 
sists of  two  equivalents  of  monosilicate  of  lithia,  three  of  tw*o-thir<ls 
silicate  of  alumina,  and  one  of  a combination  of  fluoride  of  potassium 
and  terfluoride  of  silicon,  the  peroxides  of  iron  and  manganese  partly 
replacing  the  alumina. 

The  following  is  the  calculated  analysis  : — 
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Potash 

• 

8.72 

Lithia 

* 

6.32 

Alumina  . 

28.48 

SiHca 

• 

• 

51.56 

Fluorine  . 

5.93 

100.00 

Specific  gravity  about  2.9  ; softer  than  calcspar.  Transparent  or 
translucent  Fuses  very  readily. 

Tlie  Reverend  Profes.sor  Hauehton  has  latelv  shewui  that  two  varie- 

O V 

ties  of  mica,  hitherto  supposed  to  be  of  rare  occurrence,  are  the  two 
which  occur  abundantly  as  the  constituents  of  the  Leinster  granite. 
These  are  the  two  micas  known  as  Margarodite  and  Lepidomelane. 

39.  Margarodite  (from  Margaron,  a rniio  or  pearl)  or  Pearl  White 
Mica^  of  w'hich  the  following  is  the  mean  composition,  as  deduced  from 
four  analyses  of  specimens  from  different  localities  by  Profes.sor  Haugh- 
ton : — 


Silica 

44.68 

Alumina  . 

32.13 

Peroxide  of  iron 

4.49 

Lime 

0.78 

Magnesia  . 

0.76 

Potash 

10.67 

Soda 

0.95 

Protoxide  of  iron 

0.07 

Loss  by  ignition 

6.34 

99.77 

It  is  biaxial.  Its  specific  gravity  is  stated  in  books  as  3.0  to  3.1. 
It  Ls  generally  pale  greenish-white,  with  a pearly  lustre. 

40.  Lepidomelane^  or  Black  Mica  (name  derived  from  “ lepis,”  a 


scale,  and  “ melas,”  black.) 

Silica  ......  35.66 

Almnina  ......  1 7.08 

Peroxide  of  iron  . . . . 23.70 

Lime  ......  0.61 

Magnesia  ......  3.07 

Pota.sh  ......  9.46 

Soda  ......  0.35 

Protoxi<le  of  iron  ....  3.55 

Protoxide  of  manganese  . . . 1.95 

Water  ......  4.30 


99.61 
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It  is  uniaxial,  of  a brownish-black  colour,  and  metallic  lustre. 

Its  8i>ecific  gravity  is  stated  at  3.0. 

The  descriptions  of  the  forty  minerals  now  given  will  be  suffi- 
cient for  reference  in  studying  the  composition  of  almost  all  rocks, 
which  is  the  object  we  have  in  view.  For  general  purposes,  indeed,  it 
is  enough  to  consider  the  silicates  ns  forming  four  groups  of  minerals, 
namely — ls<.  The  Augites  or  Hornblendes  ; 2rf,  The  Feldspars,  subdi- 
vided into,  2 a.  The  Bisilicated,  2 6,  The  TrisUictited  ; 3c/,  The  Micas  ; 
and  4<A,  The  Zeolites. 

1st.  The  Augites  or  Hornblendes  are  es.sentially  silicates  of  mag- 
nesia mingled  with  silicates  of  lime,  iron,  or  other  substances  which 
are  more  active  fluxes  to  the  sdica  than  the  magnesia,  and  make  the 
whole  easily  fusible. 

2d.  The  feldspars  are  essentially  silicates  of  alumina  mingled  with 
silicates  of  potash,  of  soda,  or  of  lime,  which  act  more  readily  as  a flux 
to  the  silic4i  than  the  alumina  does.  Orthoclase  (potash  or  common 
feldspar),  Albite  (soda  feldspar),  and  Oligoclase,  are  the  most  highly 
silicated  varieties  of  the  group,  Labradorite,  Anorthite,  and  RhyacoUte 
are  less  higlily  silicated,  containing  a larger  proportion  of  alumina,  and 
also  of  the  more  fusible  bases,  which  consist  either  wholly  or  in  part 
of  lime,  and  rarely  or  never  of  potash.  The  first  three  in  the  com- 
monly received  nomenclature  would  be  called  trisilicates,  and  the 
three  last  bisilicates.  In  the  nomenclature  proposed  by  Dr.  Sullivan, 
the  former  woidd  be  considered  as  mixtures  of  monosilicate  of  alumina 
and  trisilicates  of  the  other  bases,  while  the  latter  would  contain  a 
basic  silicate  of  alumina  and  bisilicutes  of  the  other  bases. 

Leucite  differs  in  composition  from  Orthoclase  only  in  its  containing 
a simple  silicate  of  potash  instead  of  a trisilicate. 

Albite,  Oligoclase,  and  Rhyacolite,  agree  in  containing  soda ; some- 
times partly  replaced  by  potash  or  even  by  lime. 

Labradorite  and  Anorthite  (the  latter  of  which  seems  to  have  nearly 
the  same  composition  as  Scapolite)  are  e.ssentially  the  lime  feldspai’s. 
Labradorite  occurs  as  a distinct  mineral  abundantly  in  North  America, 
but  is  often  present,  or  supposed  to  be  present,  in  many  of  the  more 
basic  igneous  rocks  in  conjunction  with  Augitic  or  Homblendic  minerals 
with  or  without  Zeolites. 

3d.  The  Micas  are  frequently  conspicuous  in  rocks,  but  their  presence 
can  hardly  be  considered  so  essential  as  that  of  the  minerals  of  the 
preceding  groups.  Mica  often  occurs  as  a mere  subsidiary  constituent, 
either  appearing  in  a rock  which  is  usually  devoid  of  it,  or  disappear- 
ing from  a rock  wliich  usually  contains  it,  without  causing  any  change 
of  name  in  the  rock,  which  is  spoken  of  as  being  “ with,”  or  “ without 
mica”  In  other  cases,  however,  the  mica  is  looked  upon  as  an 
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essential  constituent,  and  the  rock  takes  a new  name  when  the  mica  Is 
absent  or  is  replaced  by  another  mineraL 

Mica  is  more  abundantly  and  essentially  developed  in  highly 
altered  rocks  than  in  any  other,  but  is  then  not  often  completely 
crystallized. 

Dr.  Sullivan  has  suggested  the  probability  of  Micas  having  some- 
times their  i>eculiar  metallic  lustre  and  minute  subdivision  into  trans- 
parent or  semi-transparent  plates,  rather  in  consequence  of  physical 
structure  than  of  chemical  composition. 

4th.  The  Zeolites  are  so  called  from  the  Greek  word  (zeo)  to  boil,  in 
consequence  of  their  intumescence  before  the  blow-pipe.  This  is 
cau.sed  by  the  water  whicli  they  contain.  They  are  all  hydrated 
minerals,  most  of  them  Iiydrated  feldspars,  though  some  so  called 
Zeolites  do  not  contain  any  silicate  of  alumina. 

Analcinie,  Natrolite  or  Mesotype,  Thomsonite  or  Comptonite,  Stilbite 
or  Desmine,  Chabasite,  etc.,  are  Zeolites. 

They  are  often  found  crystallized  in  the  cavities  of  some  igneous 
rock,  and  are  supposed  to  be  mixed  up  with  other  minerals  in  the 
composition  of  other  igneous  rocks. 


CHAPTER  IIL 


ON  THE  ORIGIN,  CLASSIFICATION,  AND  DETERMINATION  OP  ROCKS. 

A DESCRIPTION  of  what  constitutes  a trae  mineral  htis  been  already 
given  in  chapter  1.  A rock  may  be  described  as  follows. 

A rock  is  a mass  of  mineral  matter  consisting  of  many  individual 
particles,  either  of  one  species  of  mineral,  or  of  two  or  more  species  of 
minerals,  or  of  fragments  of  such  particles.  These  particles  need  not  at 
all  resemble  each  other  either  in  size,  form,  or  composition  ; while 
neither  in  its  minute  particles,  nor  in  the  external  shape  of  the  mass, 
need  a rock  have  any  regular  symmetry  of  form. 

Geologists  are  accustomed  also  to  include  imder  the  term  rbck,  all 
considerable  accumulations  of  mineral  matter,  whether  they  be  hard  or 
soft,  compacted  or  incoherent  In  this  sense  soft  clay,  loam,  or  loose 
sand,  may  be  called  “ a rock.” 

Mineralogy  may  be  studied  simply  as  a branch  of  Natural  History, 
and  minerals  looked  upon  merely  as  natural  objects,  having  certain  exter- 
nal properties  which  enable  us  to  distinguish  them  from  each  other,  and 
arrange  them  in  a certain  order,  according  to  some  principle.  By  help 
of  this  arrangement  we  might  identify  any  particular  mineral  laid  befora 
us,  and  consequently  refer  to  what  is  known  of  its  chemical  composi- 
tion, and  other  qualities. 

In  order  to  apply  mineralogy  to  geology,  however,  we  must  study 
rather  the  genetic  relations  of  minerals,  that  is  to  say,  we  must  endea- 
vour to  discover  their  modes  of  production,  and  the  circumstances  which 
were  necessary,  or  conducive,  to  their  appearance  in  the  positions  and  in 
the  combinations  in  which  we  now  find  them.  This  is  the  object  we 
have  had  in  view  in  the  brief  abstract  we  have  just  given  of  a part  of 
chemistry  and  mineralogj'. 

What  has  been  there  given  will  enable  the  student  to  reason,  to  a 
certain  extent,  on  the  origin  of  rocks  ; and  to  draw  certain  conclusions 
as  regards  the  relations  of  those  mineral  constituents,  at  all  events, 
which  are  essential  to  their  existence — those  which  so  far  enter  into 
their  mass  as  to  make  them  what  they  are,  and  the  abstraction  of  which 
would  make  them  something  different.* 

♦ Bischofs  Chemical  and  Physical  Geology,  translated  for  and  published  by  the  Cavcu- 
dlsh  Society,  is  the  largest  and  most  complete  work  on  the  Application  of  Mineralugical 
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Crystallizatiou. — One  of  the  most  obvious  proj)ertie8  of  minerals  is 
their  cry  stall  iziition.  All  crystals  aiv,  as  it  were,  built  up  of  minute 

crv’stallinc  particles  of  like  forms,  and  have  been  produced  by  the  suc- 
cessive external  ad<litions  of  these  minute  particles. 

It  is  clear,  then,  that  these  particles  must  have  been  free  to  move 
and  arrange  themselves  ; in  other  words,  they  must  have  been  in  a 
fin'd  or  nearly  fluid  state.  But  this  fluidity  may  have  been  the  result 
either  of  aolution  in  water  or  other  liciuids,  or  oi  fusion  by  heat.  When- 
ever, then,  we  hud  a crystal  or  a mineral  particle  that  has  an  internal 
ciystalliue  structure,  we  may  feel  assured  that  it  has  once  been  either 
dissoh'ed  or  melted. 

But  if  this  be  true  as  regards  individual  crystals  or  ciy^stalline  par- 
ticles, it  must  be  true  also  of  rocks  that  are  made  up  of  such  crysbds  or 
such  ]>articlcs. 

Now  we  have  seen  that  some  minerals,  as,  for  instance,  Calcite  or 
carbonate  of  lime,  are  readily  soluble  in  water  containing  carbonic  acid 
gas,  or  in  licpiid  acids  ; if,  therefore,  we  meet  with  a rock  composed  of 
crystalline  particles  of  carbonate  of  lime,  we  should  naturally  suppose 
that  it  had  once  been  dissolved  in  acidulous  water  and  <leposited  from 
that  solution. 

The  solid  acid  Silica  is  also  soluble  in  water  containing  carbonic 
acid  gas  or  some  other  substances,  and  also  when  in  certain  chemical 
states,  and  in  water  at  a high  temiKUiiture.*  We  can,  therefore,  easily 
understand  the  deposition  of  cnstals  of  silica  or  (piartz  from  aqueous 
solutions. 

For  the  pro<luction  of  many  silicates,  however  (as,  for  instance,  the 
artificial  silicates  porcelain,  slag,  and  glass),  great  heat  is  necessaiy,  and 
thev  are  forme«l  onlv  diu'ing  fusion.  Most  of  the  natural  silicates  are 
jiractically  insoluble  in  water,  or  in  any  other  fluids  which  are  found 
abundantly  in  nature. 

When,  then,  we  meet  with  rocks  composed  altogether  of  crystals,  or 
crystalline  [(articles,  of  such  silicule.s,  we  naturally  conclude  that  those 
rocks  were  once  in  a state  of  fusion  from  heat. 

But  in  each  of  the.se  case.s  there  are  gradations  from  rocks  in  which 
the  crystalline  particles  are  large  and  distinct,  through  others  where 
thev  become  less  and  less  till  thev  are  onlv  discernible  with  a len.5,  into 
.some  which  a[)]>ear  quite  compact  and  homogeneous.  This  gradation 

iTlicmiHir)’  to  OeoloRy.  Much  of  it  is  excolleiit,  but  unfortunately  tlie  autlior  lias  allowed 
his  mind  to  be  warped  t»y  an  old-fashioned  prejudice  against  what  he  calls  the  “ riutonlc 
Theorv’,"  so  that  he  is  not  always  entirely  tnistworthy. 

• Mr.  Jeflbrj-8  shewed  (Reports  Brit  Ass<ic.,  vol,  x.)  that  the  vapour  of  water,  at  a tem- 
I>enUure  above  that  neces.sary  to  melt  iron,  dissolvcil  silica,  even  attacking  compact  uiuli- 
videil  minerals  ; and  that  a jet  of  such  steam  containing  dissolved  silica  deposited  a imou.’  of 
•uaitz  crystals  as  it  cooled  on  c.scapiug  from  the  vessel. 
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teaches  as  that  what  is  true  of  tlie  crvstulline  rocks  luav  also  be  true 
of  cormjHict  rocks  of  the  «ime  mineml  ct)iaj>osition,  and  that,  therefore, 
crj'stiilliiie  atul  com|)act  limestone,  quart/,  crystals,  and  conijmct  Hints,  may 
cijually  have  been  dissolved  in  water,  and  crvstidline  ami  comjnict  silicates 
have  equally  been  melte<l  by  heat.  In  the  latter  case  the  artilicial  silicate 
gloss  jigain  assists  us,  since  the  v'ery  sjinie  moss  which,  if  cooled  under 
given  circumstances,  will  form  a perfectly  liomogeneous  tmnspartmt  glass, 
will,  if  allowed  to  cool  more  slowly,  Ix'come  o])aque,  and  stony,  ami  ulti- 
mately begin  to  granulate,  tliat  is,  its  constituents  will  combine  with  each 
other  in  order  to  form  distinct  crystalline  minerals  in  the  miu^s. 

Chemical  RocL'a. — Many  rocks,  then,  have  been  chemically  formed, 
tliat  is,  have  consolidated  from  fusion  or  solution  in  obedienc.e  to  chemi- 
ail  laws.  Tliose  that  have  bec»>me  consiHidated  from  fusion  we  may 
call  Igneous  rocks  ; those  that  have  consolidate*!  from  solution  A<{Ue- 
0118  rocks. 

Chemically-formed  A(pieoas  rocks  may  be  either  crystalline  or  com- 
pact. 

Chemically-formed  Igneous  ixicks  may  be  either  crystalline,  compact, 
or  gla-ssy. 

Both  kinds  niay  have  occasionally  concretionary,  no<lular,  sparry, 
fibrous,  or  other  te.xtim?.s,  according  to  locid  mrKlifvdng  circumstances. 

Paraff^nesis  of  Miwrah. — In  crystalline  r(H*,ks,  whether  aqueous  or 
igneous,  the  e.\ten»al  forms  of  some  of  the  crystals  are  often  very  im- 
perl'ect  and  sometinuis  even  im  gular.  Crystahs  of  one  mineral  having 
lieen  first  fonned  prevented  the  regular  formation  of  the  crysUils  of  the 
other  minerals  ; or,  the  whole  mas.s  havung  crystallized  together,  the 
cry.stals  were  mutually  himlered  from  attaining  their  full  develoimient  by 
the  grow'th  of  their  neighb*>urs,  and  all  became  thus  locke<l  and  inter- 
laced together  in  a congerie.s  of  mutually  imbetlded  crystalline  particles.* 

These  cry'stalline  particles,  although  not  perfect  crysbils,  have  yet 
some  faces  and  angles  of  perfect  crystals,  being  evidently  formed  in  the 
jK)sition  where  w'e  now  find  them.  They  are  innate  cry’^stalline  granules. 

Lf)af-sugar,  sugar  candy,  crystallized  alum,  ai-e  familiar  examples  of 
this  stmeture,  an*l  will  serve  to  explain  what  Is  meant  by  the  innate 
crj'stalline  structun;  of  marble  or  of  granite. 

Afecfianical  Rocks. — In  examining  the  mineral  structure  and  consti- 
tution of  rocks,  however,  we  should  soon  become  aware  of  another 
essential  ilifference  in  them.  We  sho\ild  find  many  rocks  the  particles 


• Tlie  [)aragene6i.s  of  minerals  in  cliemicall}’  fonne<l  rocks  is  a subject  that  has  not  j’ct 
received  the  attention  it  deserves.  Tlic  jK-culiJir  aswx-iation  of  minerals,  and  the  relative 
order  of  their  cr)’8tallizatiou,  a,s  shewn  by  their  mutual  indentation  and  envelopment,  would, 
if  accurately  observed  and  descril^d,  d*ujbtlcs8  explain  much  tliat  is  still  obscure  as  regards 
the  formation  of  sucli  nicks,  as  also  that  of  the  contents  of  mineral  veins. 
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of  which  were  lai^e  and  distinct,  but  not  at  all  crystalline  ; or  if  crys- 
tiiUine  internally,  their  external  fonu  would  liot  be  regular  like  a 
crystal,  but  exhibit  evident  marks  of  mechanical  fiacture  and  attrition, 
of  wearing  away,  or  rounding. 

The  particles  of  these  rocks  whether  internally  crystalline  or  inter- 
nally compact,  ai’e  not  mutually  embedded  like  those  of  chemical  rocks, 
and  have  no  such  ai)peiirance  of  having  <jr<ncn  where  we  now  find  them, 
but  have  evidently  been  brought  together  from  different  places,  and 
adhere  to  each  other,  either  in  consetpience  of  having  been  squeezed 
together  by  lU'^chanical  pressure,  or  because  they  were  cemented  by  some 
other  substance  which  serves  to  bind  and  unite  them  to  each  other. 

Tlie  very  fonn  and  stmcture  of  these  particles  shew  that  they  are 
fnigments  of  other  pre-existing  rocks,  and  have  been  broken  off  the 
parent  mass,  and  worn  by  the  action  of  moving  water. 

This  water-worn  fonu  and  derivative  origin  is  very  obvious  with 
resjK'ct  to  such  of  these  rocks  as  consist  of  or  rounded  fragments 

of  other  rocks,  compacted  together  in  which  is  clearly  the  result 

of  the  abrading  process. 

In  many  cases  the  very  rock  from  which  the  pebbles  were  derived 
can  be  pointed  out,  and  the  distance,  therefore,  which  they  have  been 
carried  is  known.  In  other  cases  the  fact  of  mechanical  transport  is 
obvious,  though  their  original  site  may  be  unknowm. 

From  those  cases  where  the  individual  constituents  of  the  rock  are 
large  and  their  form  distinctly  visible,  there  is  every  gradation  through 
those  where  they  become  less  tmd  less,  till  at  length  we  meet  with  some 
in  which  the  pai'ticles  are  not  discernible  by  the  lens.  We  have,  then, 
compact  derivative  rocks  just  as  w'e  have  compact  chemical  ones. 

To  all  such  derivative  rocks  we  may  with  great  propriety  assign 
the  term  Mechanical,  as  shewing  that  their  materials  have  been 
mechanically  transported  to  their  present  sites. 

Tlie  machinery  employed  in  tliis  transpoitation  must  clearly  be 
either  ciurents  of  water  or  currents  of  air,  and  the  mechanical  rocks, 
therefore,  must  be  all  either  Aqueous  or  Aerial  rocks,  the  latter  being 
very  few  and  unimportant  compared  with  the  fonuer. 

Even  with  reganl  to  igneous  rocks,  which  must  in  themselves  be 
purely  cliemical  compounds,  they  still  may  have  their  mechanical 
accompaniments,  jis  we  see  in  the  case  of  the  ashes,  cinders,  and  frag- 
ments blown  fioin  the  mouths  of  volcanoes,  and  these  may  be  compacted 
into  solid  rocks,  whether  they  fall  on  the  land  or  into  the  waUir. 

Organic  Roch. — There  is  yet  another  source  frt>m  which  some  rocks 
are  derivtal,  imtsmuch  as  some  are  found  to  be  wholly,  or  almost  wholly, 
composed  of  fragments  of  animals  or  ])lants.  These  rocks  may  be 
termed  Organic,  in  the  sense  of  organically-derived  rocks. 


STRATIFIED  AND  UNSTRATIFIED  ROCKS. 


53 


The  portions  of  the  plants  or  animals  may  be  either  little  altered 
from  their  original  condition,  or  very  much  altered  and  altogether 
mineralized.  In  the  first  case,  they  are  allied  more  particularly  to  the 
mechanical  ; in  the  latter,  to  the  chemical  rocks. 

Mixtures, — As,  moreover,  chemical  precipitates  are  liable  from  many 
causes  to  be  adulterated  by  mechanical  impurities,  and  mechanical  de- 
posits to  be  impregnated  with  chemically  acting  gases  or  liquids,  and  as 
both  mechanical  admixtures  and  chemical  actions  and  reactions  mav 
play  a part  in  the  formation  of  rocks  made  of  organic  materials,  we  can 
easily  see  how  all  three  classes  of  rocks  may  occasionally  be  mingled 
together  and  pass  into  each  other,  and  how  many  aqueous  rocks  may 
have  been  formed  by  the  union  of  two  or  of  the  three  agencies,  and 
appear  to  belong  to  one  or  the  other  class,  acconling  to  the  point  of 
view  from  which  we  observe  them. 

Stratified  Rocks. — We  have  now  arrived,  then,  at  the  conclusion 
that  different  rocks  had  an  aqueous,  an  igneous,  or  an  organic  origin, 
solely  from  the  consideration  of  the  natiu-e  of  the  mineral  particles  com- 
posing them.  This  conclusion,  however,  by  no  memis  depends  entirely 
on  such  considemtions.  Tlie  aqueous  rocks  are  known  to  be  so,  not 
only  from  their  being  composed  of  soluble  minerals,  or  of  minerals  that 
have  been  water-worn,  or  of  parts  of  plants  and  animals  that  have  either 
lived  in  water  or  been  carried  down  into  it,  but  also  because  their 
materials  are  arranged  in  regular  layem  and  beds  or  strata^  obviously 
the  result  of  their  having  been  regularly  strewed  out  over  the  bottom 
of  the  seas  and  lakes  in  which  they  have  been  dejwsitwl.  Tliey  are 
hence  often  called  Sedimentary  and  Stratified  rocks. 

Unstratificdy  Eruptive^  and  Intrusive  rocks. — Tlie  igneous  rocks,  on  the 
other  hand,  are  kno^vn  to  be  such,  not  only  from  their  consisting  of 
silicates  which  could  only  be  formed  during  fusion,  but  also  from  the 
absence  of  that  regular  stratification  which  is  characteristic  of  all  rocks 
deposited  by  water.  If  they  have  anything  resembling  stiatification,  it 
is  of  that  irregular  kind  which  streams  of  lava  possess  as  they  flow 
douTi  the  flanks  of  volcanoes  or  over  gently  sloping  ground.  Many  of 
them,  indeed,  are  just  such  rocks  as  we  see  now  poured  forth  from  the 
mouths  of  volcanoes  in  the  state  of  molten  lava  ; others  again  are  closely 
allied  to  these,  and  there  is  a regular  chain  of  gradation  from  these 
through  their  whole  series. 

Even  those  wliich  least  resemble  actual  lava  in  mineral  composition 
are  found  sometimes  to  have  l>een  injected,  either  in  great  masses  into 
the  body  of  other  rocks,  or  in  the  fonn  of  veins  and  tortuous  strings, 
into  their  cracks  and  crevices,  or  else  to  have  cut  through  them  in  great 
wall-like  sheets  called  “ dykes,”  just  as  lava  cuts  through  rocks  in  the 
neighbourhood  or  in  the  heart  of  volcanoes.  Now  we  cannot  conceive 
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the  possibility  of  one  aqueous  rock  being  at  the  time  of  its  formation 
intruded  into  or  tlinist  tlirough  another,  since  tliey  are  all  forme<l  l.iy 
the  tranquil  deposition  of  sediment  falling  through  water,  and  coming 
to  rest  at  its  bottom.  An  intrusive  rock,  therefore,  must  by  the  veiy 
nature  of  the  case  be  an  igneous  rock,  and  the  expansive  ])Ower  of  heat 
is  the  only  conceivable  origin  of  the  force  which  causes  it  to  intrude. 
In  many  cases  these  intruded  masses  have  exerted  just  such  an  iiiHuence 
on  the  rock  they  cjune  in  contoet  with  as  gi*eiit  heat  would  have  exer- 
ciseil.  The  neighbouruig  rocks  have  in  fact  been  burnt,  and  are  some- 
times gi-eatly  altered  from  their  original  state  which  they  still  pos.se.ss 
at  a distance  from  the  igneous  rock.s. 

Metamorjthic  IlocL's. — This  fact,  together  with  the  consideration  of 
the  chemiwil  actions  and  reactions  that  may  be  set  up  in  the  mass  of 
rocks  by  the  }>erc4dation  of  various  Iluids  or  gases,  and  the  meclianical 
or  chemicud  forces  that  may  be  brought  into  play  by  the  acti<m  of 
pressure  and  other  agencie.s,  natuially  di.sjioses  us  to  ask  the  question, 
^VHiether  many  rocks  as  we  now  see  them  may  not  be  in  a ver}'  diflerent 
state  from  that  in  which  thev  were  originallv  formed  ? We  should,  on 
investigation,  find  reason  to  answer  this  question  in  the  aflinnative,  and 
introduc.e  another  chiss  under  the  head  of  Metamorj)hic  (or  transformed) 
rocks,  to  include  those  which  had,  by  means  of  subsequent  alteration, 
acquired  any  characters  essentially  different  from  their  original  ones. 

Four  Great  Classes  of  Rock. — Guided  by  these  consideiations  we 
may  class  all  rocks  whatever  tinder  the  four  great  lieads  of  Igneou.'?, 
A(|ueous,  Aerial,  and  Metamorphic,  according  to  the  nature  of  the 
agencies  by  which  they  have  been  brought  into  their  present  state  and 
position. 

The  Igneous  are  all  chemically-fomietl  rocks,  but  some  of  their 
varieties  have  their  mechanical  accompaniments. 

The  Aqueous  rocks  are  either  chemical,  mechanical,  or  organic, 
those  of  mechanical  origin  being  far  the  most  abundant,  although  not 
the  most  imiiortant  kinds. 

Tlie  Aerial  are  all  mechanical. 

llie  Metamorjihic  ai’c  either  those  in  which  the  original  structui-e 
and  comjKisition  are  still  obvious,  or  those  in  which  those  characters 
are  altogether  obscured  and  rejilaced  by  others,  when  we  may  spexik  of 
most  of  them  a.s  the  schistose  or  cry  stal  line-schistose  rocks. 

Determiiuition  of  Rooks. — In  examining  any  specimen  of  rock,  in 
order  to  determine  to  which  of  these  classes  it  belongs,  we  proceed  in 
the  following  way  ; — Having  ]>rovided  a chipping-hammer,  a pocket- 
lens,  a knife,  and  a small  bottle  of  dilute  hydrochloric  or  other  mineral 
acid,*  the  first  thing  is  to  form,  by  chipping,  two  fresh  surfaces  on  the 

• A pocket  blow-i»ipe  is  also  useful  occasionally,  for  distinguishing  some  varieties  of 
igneotui  rock. 
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gpecmicn,  as  nearly  as  possible  at  right  angles  to  each  other.  The.st* 
surfaces  are  to  be  carefully  examined,  in  order  to  see  if  the  rock  be 
granular  or  comjmct. 

Comjxict  Rocks. — If  it  be  quite  compact,  so  that  no  gianular  particles 
be  ajipareiit  even  \\ith  the  lens,  it  .should  l>c  scmtched  with  the  knife. 
If  it  scratch  readily,  it  will  either  be  an  aqueous  rock  or  a very  much 
decomposed  igneous  one.  If  it  requires  great  force  to  make  any  im- 
pre.ssion  on  it,  but  can  be  .scratched  when  that  force  is  exerted,  it  is 
probably  a conqmct  igneous  rock  ; if,  on  the  other  hand,  it  be  merely 
marked  by  the  steel  of  the  knife,  as  if  by  a hard  lea<l  pencil,  it  i.s  then 
jirobably  a purely  siliceous  rock,  either  flint,  chert,  or  some  other  form 
of  quartz.  In  that  case  it  will  be  of  aqueous  origin,  but  ]>robably  either 
jwirt  of  a vein,  or  a nodule,  or  concretion  formed  in  a rock  rather  than  a 
n>ck  itself.  If  a compact  rock  be  very  ea.sily  scmtched,  it  should  bt* 
tried  ^vith  a little  dilute  acid,  and  if  it  efferve.sc4?s  freely  it  may  at  once 
be  set  <lown  a.s  limestone  ; if  it  effei'vescc.s  slowly  it  may  be  an  impure 
limestone,  or  else  a magnesian  limestone  ; and  if  it  do  not  ellervesce  at 
all  it  will  either  1k'  gypsum  or  a decomposed  rock. 

Granular  Rocks. — If  the  rock  be  granular,  it  must  first  be  deter- 
mined whether  the  grains  be  innate  crystalline  particles,  or  water-wom 
like  grains  of  sand.  If  it  be  coarse-grained,  there  will  not  be  much 
difficulty  in  this  determination.  Any  di.stinctly  water-wom  and  rounded 
grain  or  particle,  or  any  little  pebble  included  in  the  rock,  will  at  once 
decide  it  as  of  aqueous  ortgin.  Sometimes  the  grains  may  consist  of 
broken  crystals,  very  little,  if  at  all,  water-worn,  when  it  might  be 
mistaken  for  a crystalline  igneous  rock.  If,  however,  those  broken 
ciystals  be  all,  or  nearly  all,  fragments  of  quartz,  great  doubt  would 
arise  as  to  the  correctness  of  that  conclusion,  and  careful  search  will 
often  disclose  some  grain  distinctly  rounded,  or  some  little  fragment 
which  has  obviou.sly  acquired  its  present  form  by  mechanical  fracture 
or  attrition,  ]»roving  it  to  be  of  aqueous  origin.  Regular  alternations  of 
layers,  slightly  difi'erent  in  colour  and  texture,  form  strong  evidence  in 
favour  of  the  rock  being  a stratified  or  sedimentary,  and  therefore  an 
aqueous  one. 

Crystalline  Rocks. — If,  on  the  contrar}',  the  rock  be  distinctly  crj'stal- 
line  in  stnicture,  the  point  to  determine  will  be  whether  its  crystalline 
particles  consist  of  carbonates  or  sulphates,  on  the  one  hand,  or  silicates 
on  the  other.  If  of  either  of  the  two  fonner,  it  may  be  set  down  at 
once  as  an  aqueous  rock,  if  of  the  latter,  as  igneous.  To  detennine 
this  point  the  knife  should  be  fii-st  use<l, — if  the  rock  be  easily  scratched 
by  the  point  of  a knife  it  is  abnost  certainly  one.  of  the  two  fonner,  if 
very  easily  scratched  and  the  scratched  part  do  not  at  all  effen’^esce 
with  acids,  it  is  probably  gypsum.  If  the  scratched  part  instantly  boil 
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up  when  acid  is  applied  to  it,  it  is  certainly  some  kind  of  limestone. 
If  it  effervesce  slowly  and  have  a pearly  lustre  and  gritty  feel,  it  is 
probably  magnesian  limestone. 

K the  particles  be  neither  carbonates  nor  sulphates  they  will 
abnost  certainly  be  silicates  and  the  rock  be  an  igneous  one.  It  will 
then  be  necessary  to  determine  the  kind  of  igneous  rock  by  discovering 
the  nature  of  the  minerals ; whether  in  the  first  place  there  are  any 
particles  of  free  sibca  or  quartz  among  them,  and  whether  the  remain- 
ing particles  consist  of  homblendic,  feldspathic,  micaceous  or  zeolitic 
minerals,  or  what  mixture  of  these,  and  in  what  proportions.  This  ^vill 
be  done  either  by  recognizing  them  by  their  characteristic  external 
appearance,  by  determining  the  angles  formed  by  their  facets  and  there- 
fore the  fonn  of  their  crystals,  or  if  neither  of  these  methods  be  pos- 
sible, by  chemical  analyses,  either  of  the  separate  crystals,  or  if  that  be 
not  ]K)ssible,  of  the  whole  rock,  which  wdll  at  least  tell  us  what  possible 
combinations  the  substances  contamed  ui  the  rock  might  fonn,  and 
what  combinations  would  be  Lmjwssible,  and  thus  approximately  fix 
the  class  to  which  the  rock  must  belong. 

Platy  Rocks. — If  the  rock  have  a very  decided  platy  stnicture,  so 
that  a blow  with  the  hammer  causes  it  to  split  much  more  readily  in 
one  direction  than  in  any  other  other,  with  a tendenc;y  to  separate  bito 
many  thin  plates, — the  question  which  arises  is,  w'hether  it  be  a mere 
aqueous  rock  formed  by  the  successive  deposition  of  many  thin 
lainiiifc,  or  whether  it  be  a metamorphic  rock.  If  the  fonner,  it  will 
]>i'obably  be  soft  and  clayey,  and  the  plates  before  the  rock  be  split 
^\^ll  run  parallel  to  and  coincide  >\’ith  layers  of  different  colour,  texture 
or  grain. 

Metamotyhic  Rocks. — If,  liowever,  it  be  a metamorphic  rock,  it  will 
probably  be  hard,  and  the  j>lates  more  or  less  firm  after  separation  from 
each  other.  If  the  faces  of  these  plates  be  dull  and  earthy  looking,  it 
is  probably  a slate  m*  “ cleaved”  rock.  If  however  the  faces  glitter 
with  a metallic  lustre,  and  the  rock  have  a crystalline,  or  semi-crystal- 
line texture,  it  will  then  be  a schistose  or  crystalline-schistose  meta- 
morjihic  rock. 

The  student  will  do  well  to  procure,  and  to  examine  with  lens,  acid, 
knife,  and  hanmier,  specimens  of  the  most  common  fonns  of  the  minerals, 
Quartz,  Calcite,  Gypsiuu,  Feldspar,  Hornblende  and  Mica,  and  endeavour 
to  recognize  them  in  any  of  the  conmion  rocks,  such  as  Granite,  Lime- 
stone, Sandstone,  Syenite,  and  Gyjisum,  by  the  methods  here  pointed 
out.  A vt;ry  little  practice  >vill  enable  him  to  do  this,  and  he  wll  then 
.soon  be  aide  to  recognize  all  the  onlinaiy  varieties  of  rock  which  he  is 
likely  to  meet  with,  and  will  know  how  to  go  about  the  detennination 
of  others  when  thev  occur. 
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IGNEOU.S  ROCKS. 

We  will  commence  our  examination  of  rocks  with  the  igneous  rocks  <is 
l)eing  those  which  may  be  considered  the  most  e.ssentially  original,  and 
those  indeed  from  which  all  others  ai*e  either  directly  or  indirectly 
derived. 

Classification  according  to  coynjwsiiion. — From  what  has  been  said 
before,  it  may  be  inferred  that  all  igneous  rocks  without  exception 
are  composed  of  minerals  which  are  silicates. 

These  minerals  may  be  said  to  l)clong  to  two  great  classes,  silicates 
of  magne.sia  and  silicates  of  alimiina,  the  species  or  varieties  of  each 
resulting  from  their  various  mixtures  with  siliciites  of  potash,  soda,  lime, 
iron,  manganese,  etc.  The  silicates  of  magnesia,  etc.,  constitute  the  hom- 
blendic,  or  pyroxenic,  or  augitic  minerals,  the  silicat&s  of  alumina,  etc., 
forming  the  feldspathic  ones.  Tlie  micaceous  minerals,  which  we  may 
look  on  as  resulting  from  mixtures  of  the  two,  or  as  holding  an  inter- 
mediate place  Ijetween  them,  are  in  reality  of  minor  importance,  so  far 
as  imaltere<l  rocks  are  concerned. 

The  fehlspars  are  the  bases  of  all  igneous  rocks,  those  in  which  no 
feldspar  of  any  kind  Is  present  being  very  few  and  unimiwrtant,  even 
if  they  exist  at  all.  The  hornblendic  and  augitic  minerals  hold  the 
next  most  imix)rtant  place,  and  the  volcanic  and  trapj^ean  rocks  may  be 
«li\dded  into  two  great  series  dej)ending  on  the  amount  of  those  minerals 
which  are  mingled  with  the  feldspars.  Those  rocks  in  which  feldspar 
alone  occurs,  or  in  which  it  greatly  predominates,  may  be  called  the 
feldspathic  rocks  ; tho.se  in  which  the  honiblendic  or  augitic  minerals 
play  a considerable  part,  may  be  called  honiblendic  or  pyroxenic  rocks. 
It  must,  how'ever,  be  clearly  borne  in  mind  that  feldspar,  in  some  fonn 
or  other,  is  always  the  basis  of  the  latter,  while  hornblende  and  augite 
in  any  fonn  are  often  entirely  absent  from  the  former. 

The  igneous  rocks  might  also  be  divided  into  two  great  series,  the 
acid  or  siliceous,  and  the  basic,  which  would  nearly  coincide  with  the 
cla.ssification  just  mentioned,  of  feldspathic  and  honiblendic.  Tlie 
hornblendic  or  augitic  niinerals,  may  all  be  considered  as  basic  minerals. 
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while  the  feldspars,  as  was  }x>iiitefl  out  at  page  47,  are  sejiarjihle  into 
two  groii]>s,  the  more  basic  and  the  more  siliceous.  Now,  in  all  rocks 
containing  a large  proportion  of  the  hornhlendic  or  basic  minends,  the 
feldspars  associatetl  with  them  are  also  of  the  more  basic  kind,  while  in 
the  more  purely  feldspathic  rocks,  the  feldsjvars  are  of  the  more  highly 
siliaited  grou])  of  those  minemls. 

Classif  cation  according  to  circumstances  of  formation. — Tlie  igneous 
rocks  are  divhled  by  Sir  C.  Lyell,  and  others  into  two  classes — the 
Volciiiiic  and  the  Plutonic.  Tliat  classification  is  theoretically  correct, 
as  separating  those  formed  at  the  surface,  in  air  or  water,  fi-om  those 
formed  deej)  in  the  earth ; but  practically  we  often  meet  with  rocks 
that  it  is  difficult  to  place  with  certainty  in  either  class.  It  is, 
moreover,  often  a<lvisable  to  avoid  terms  that  involve  theoretical  or 
foregone  conclusions.  For  these  rejisons  I should  prefer,  with  Sir  R.  I. 
Murchison  and  others,  to  arrange  the  igneous  rocks  under  three  heads — 
Volcanic,  Trapi>ean,  and  Granitic ; taking  the  middle  tenn  trappean  as 
one  of  convenience  only,  to  include  some  that  are  possibly  volcanic, 
some  that  are  more  essentially  gnmitic,  with  many  intennediate  or 
undetermined  rocks  between  the  two. 

Igneous  rocks  differ  among  themselves. 

1st,  As  being  made  up  of  <lifferent  minerals. 

2dly,  As  having  different  textures. 

The  three  principal  varieties  of  textures  are  the  crystalline  (or 
gi-anular),  compact,  ainl  gla-ssy. 

When  a rock  is  distinctly  granular,  so  that  the  crystals  of  its 
mineml  constituents  are  clearlv  disceniible,  thev  mav  be  determined  bv 
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simjde  inspection.  In  the  comj)act  and  vitroous  textures,  however,  the 
<letermination  of  the  mineral  constituents  of  a rock  can  onlv  be  arrived 
at  by  chemical  analysis,  which  will  either  enable  us  to  determine  what 
minerals  tliose  substances  in  such  proportions  would  be  likely  to  form, 
or  to  comj>are  the  analyses  with  that  of  other  specimens  of  which  the 
m inend  constituents  were  kiKn\Ti. 

It  has  been  already  stated  as  a knoMTi  fact  in  the  manufacture  of 
glass,  tliat  the  very  same  molten  mass  of  silicates  would  form  trans- 
|iarent  glass,*  ojiaipie  slag,  or  crystalline  stone,  according  to  circum- 

* Ttu*  formation  of  crj'st-als  from  a state  of  i^eous  fusion,  is  in  every  resi>ect  analogous 
to  wliat  takes  place  when  crystals  arc  fonned  in  water.  It  is  sim)dy  the  deposition  of 
crystals  from  solution  in  a liquid  that  beoxunes  solid  at  a high  temperature,  or  the  crj'stal- 
lir.atinn  of  that  liquid  itself,  in  the  same  manner  as  when  crystals  art<  dc|H>sited  from  solution 
in  water,  or  that  water  itself  freez<^s.  ...  A gla.ss  is  a liquid  which,  on  cooling,  Incomes 
more  and  more  viscous,  and  at  length  solidifies  witliout  uiidergidng  any  sudden  or  definite 
change  in  physical  structure.  If,  however,  the  l!(pii<l  after  cooling  to  a certain  temperature, 
crystallize,  it  undergoes  a sudden  and  entire  physical  change,  and  the  structure  Ix'comes 
stony. — (Sorby  on  .M icroscepiaU  Structure  of  Crystals.  Geol.  Journal,  vol.  xiv.,  p. 
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Fiances,  As  tliese  difTerent  conditions  of  texture  receive  different  names, 
po  may  the  ilifferent  textures  of  natiiml  suhstaiices  receive  different 
names,  notwitlistiiiiding  tliat  in  some  ca.ses  they  consist  of  essentially  the 
siime  ingredients. 

As  some  slags  become  ])orous,  or  vesicidar,  and  thus  |«iss  into 
cimlers,  so  some  igneous  rocks  likewise;  assume  a vesicular  or  cinderv 
textui-e. 

Aim/*j<hihid. — When  the  pores  or  vesicles  l>ecome  filled  with  a crj’s- 
taline  nucleus  or  kernel  of  any  mineral,  either  by  subse<pient  infiltration, 
or  during  the  ]>rocess  of  consolidation,  so  that  the  disjwTsc'd  crystalline 
])atches  look  like  almonds  stuck  into  the  mass,  the  rock  is  ajiid  to  be 
aiiiygdaloidal. 

Porphyry. — Wdien  single  detached  crysbil.s  are  disseminate<l  tlmmgh 
a compact  base,  or  large  crystals  through  a fine  gmined  bjise,  the  r<K.k 
is  said  to  loj  i>ori)hyntic.  When  the  aiiiygdaloidal  or  jKjrjdiyritic  struc- 
tures liecoine  so  nuirkeil  as  to  appc'ar  the  most  prominent  characters  of 
the  nick,  that  rt>ck  has  often  been  s^ioken  of  simply  as  an  ann-g<laloid 
or  a p<jq)hyrv.  As,  however,  these  are  inci«lental  structures  comimni, 
the  amygdaloidal  to  several,  the  porj>hyritic  to  all  igneous  rocks,  this 
nomenclature  involves  the  mistake  of  elevating  an  accidental  to  an 
essential  attribute  ; a mistake  it  is  better  to  avoid. 

In  the  following  descriptions  of  the  igneous  rocks  I am  largely 
indebtcnl  to  Cotta’s  Gesteinslehre,  to  the  intrMluction  to  Daulieny’s 
Volcanoes,  to  the  last  clnqiter  of  the  third  volume  of  IVArcliiac’s 
Histoire  des  IVogres  de  la  G<^*ologie,  and  to  the  Essay  on  Comj)anitive 
Petrologj'*  by  M.  .1,  Durocher,  Mining  Enginwr,  and  Professor  of  the 
Faculty  of  Science  at  Rennes.  The  new  edition  of  Nauniann’s  Lehrbuch 
der  Geognsie,  fmiii  which  much  of  Cotta’s  matter  seems  to  lx*  taken, 
and  Senft’s  Classification  uiid  Beschreibuiig  der  Felsarten,  have  also 
been  consul  te<l. 


I. — The  Volcanic  Rocks. 

Tliese  are  spoken  of  under  the  general  tenn  of  I^ava.  Tliey  include, 
however,  some  that  would  be  more  commonly  described  as  trap  rather 
than  lava,  and  othera,  such  as  tuff  and  ashes,  wliicli  could  not  stnctly  be 
called  by  either  name. 

The  volcanic  rocks  have  been  classified  by  Abich  under  three 
heads  : — «,  Trachjde  ; i,  Dolerite  ; c,  Trachy-dolerite. 

* I liavi!  nscil  the  EQ^liHh  tranRlation  of  this  adinimble  essay  made  by  the  Rev.  Professor 
Haughton,  F.T.C. I).  Puhlislied  hy  M'Glnshan  and  Gill,  Dublin. 

Since  the  above  was  written,  the  melancholy  news  of  Mr.  Durocher’a  decease  has  rcachcil 
Dublia 
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Bunsen,  also,  in  his  memoir  on  the  volcanic  rocks  of  Iceland,  gives 
a similar  classifiaition,  describing  his  normal  trachytic  rocks  as  one  end 
of  the  series,  and  his  normal  pyroxenic  rocks  at  the  other  end,  with 
many  intermediate  varieties  between  the  two.  He  states  the  following 
as  the  mean  value  of  the  composition  of  his  hvo  noimal  rocks, 
and  shews  that  by  analysing  any  intermediate  variety  of  rock,  and 
determining  the  pix^portion  of  any  one  of  these  ingredients  (taking 
the  silica  as  the  easiest  and  best),  the  proportion  of  the  other  ingredients 
may  l)e  calculated,  and  thus  may  be  determined  the  quantities  of  these 
two  normal  substances  which  have  been  mixed  together  to  form  the 
rock  in  question. 


Noniifil 

Normal 

Tracliytic. 

P>Toxenic. 

Trnchj-te. 

Dolerite. 

Silica  .... 

76.67 

48.47 

Alumina  and  protoxide  of  iron 

14.23 

30.16 

Lime  .... 

1.44 

11.87 

Magnesia  .... 

0.28 

6.89 

Potash  .... 

3.20 

0.65 

Soda  .... 

4.18 

1.96 

100.00 

100.00 

The  Trachytes  are  so  called  from  the  Greek  wor«l  “ trachys,”  rmigh, 
as  tliey  commonly  have  a rough  prickly  feel  to  tlie  finger.  They  are 
usually  light-coloured,  j>jde  gray,  or  white,  but  sometimes  dark  gray  and 
nearly  black,  Tliey  are  composed  princi}Milly  of  feldspar,  the  feldspar 
being  one  of  the  varieties  that  is  rich  in  silica,  such  as  Orthoclase,  or 
its  varieties,  and  not  any  of  those  in  which  the  l)a.ses  are  more  abundant, 
such  as  Labradorite  or  Anorthite. 

As  trachyte  is  made  into  a cha.ss,  as  well  as  a species  of  rock,  we 
may  simihuly  elevate  dolerite. 

The  Dolerites,  so  called  from  the  Greek  “ doleros,”  deceptii'e^  are 
usually  of  a dark  green  or  black  colour,  weathering  brown  externally. 
They  are  commonly  heavier  than  the  trachytes,  as  containing  a less 
proportion  of  silica,  and  a greater  one  of  the  heavier  bases. 

They  are  comjiosed  partly  of  a feldspathic  and  partly  of  all  augitic 
(or  pjToxenic)  mineral,  the  feldspar  being  commonly  one  of  the  more 
basic  silicates,  such  as  labradorite  or  anorthite. 
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The  Trachytes,  or  Feldspathic  Lavas. 

1.  Trachyte^  properly  so  called,  has  either  a fine  f^ined,  or  quite 
compact  texture,  a harsh  feel,  and  sometimes  a cellular  and  scorified 
appearance.  It  varies  in  colour  from  a j>ale  giay  to  dark  iron  gray,  and 
is  sometimes  reddish  from  the  presence  of  iron.  It  is  composed  of  a 
confused  aggregation  of  crystals  of  feldspar,  often  minute  and  needle- 
shaped,  but  wnith  others  laiger  and  more  distinct. 

This  feldsjMir  is  said  to  be  commonly  potash  albite  (or  pericline), 
and  glassy  feldspar  (or  adularia),  in  which  some  of  the  |x>tash  is  replaced 
by  soda.  Crystals  of  mica  and  hornblende  are  often  present,  and  some- 
times even  of  augite,  the  whole  either  confusedly  united  without 
cement,  or  emlxjdded  in  a feldspathic  ])aste,  either  celluhir  or  compact. 

I extract  here  from  Durocher’s  Essay  on  Comparative  Petrology,  as 
translated  by  Ilaughton  the  analysis’  of  this  rock,  giving  the  maxi- 
mum, minimum,  and  mean  of  the  analyses  of  many  specimens  by  dif- 
ferent exptirimenters,  and  shall  do  the  same  for  the  other  principal  tyi>es 
of  rock. 


Specific  gravity,  maximimi  2.73,  minimum  2.60,  mean  2.66. 


Maximum. 

Minimum. 

Mean.  j 

i 

' Silica* 

78 

66 

72.8 

Alumina 

18 

11 

15.3 

Potash  . . 

9 

4 

6.4  i 

1 Soda  . . 

2.5 

0 

1.4  1 

Lime  . . 

1.5 

0 

0.7  i 

Magnesia 

2 

0 

0.9  1 

j Oxides  of  iron  and  ) 

1 \ 

1 r 

2.5 

0.5 

1.7 

manganese  . J 

• Loss  by  ignition  . 

1.5 

0 

0.8 

100.0 

2.  TrachyticVorphyry  has  seldom  a scorified  tuspect,  looking  often 
more  like  a plutonic  than,  a volcanic  rock,  as  that  of  the  Pic  de  Sancy, 
and  the  Roc  de  Cacadogne,  of  Mont  Dor,  which  at  first  sight  resembles 
granite  in  external  apj>earance. 

Crystals  of  glassy  feldspar,  sometimes  small,  but  sometimes  as  much 
as  half  an  inch  long,  white  or  flesh-coloured,  are  set  in  a compact  light- 
coloured  feldspathic  paste,  with  bro^v^l  mica,  and  sometimes  also  it  is 
* There  is  said  to  be  a trace  of  titanic  acid  witli  the  silica  in  most  or  all  of  these  cases. 
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PEARLSTONE. 


8aul  with  cn’^stals  of  quartz*  Many  varieties  of  tracliytic  i>oq»]iyiy 
contain  a nuinher  of  very  small  ‘globules,  which  seem  to  consist  of 
melted  feldspar,  having  often  in  their  centre  a little  ciystal  either  of 
(piartz  or  miau  The  assemblage  of  these  globules  leaving  minute  ctdls 
between  them,  stnnetimes  gives  to  the  rock  a 8corili«Ml  iispect  ” — 
(Daubeny).  ChalcetUmy  occurs  in  small  geodes, t and  sometimes 
intimately  mixetl  with  the  paste  in  which  the  crystals  are  embedded. 


Specific  gravity,  maximum  2.65,  minimum  2.52,  mean  2.58. 


Ma.ximum, 

1 

Minimum. 

Mean. 

Silica , , , , 

75 

68 

72.8 

Alumina 

14 

13 

13.5 

Potash 

8 

3 

4.9 

Soda  , , , . 

/ 

1.5 

4.2 

Lime  , , , . 

1 

0 

0.5 

Magnesia 

2 

0 

0.7 

Oxides  of  iron  and  ) 
manganese  . / 

3 

I 

1.7 

Loss  bv  ignition  . 

V w 

5 

0 

1.5 

99.8 

3.  Pearhtone  is  comjK)sed  of  a number  of  globules  fnnn  the  size  of 
a nut  to  that  of  a gr.iin  of  Kind,  of  a vitreous,  or  eniunelled  aspect,  and 
)>early  lustrc,  ailhering  together  without  any  paste.  These  sometimes 
lose  their  lustre  ami  size,  and  pass  into  a compact  stony  mass,  or  change 
into  globules  of  feldspar,  compact,  or  radiated — the  whole  rock  being 
composed  of  them.  ^lany  variations  occur  ; the  whole  sometimes  be- 
coming fibrous,  cellular,  spongy,  and  j>as.sing  gi-adnally  uito  pumice. 

Trachytic  porjdiyry  sometimes  pis-ses  into  pearlslone  by  insensible 
gradations,  just  as  we  shall  hereafter  see  that  felstone  is  sometimes  iK)r- 
phyritic  and  sometimes  noilular  jind  concretionary. 

4.  Domite  is  a grjiyish  white,  fine  gmined,  conqiact,  earthy,  and 
often  frialde  variety  of  trachyte.  It  frequently  contains  Hakes  of  broMU 
mica.  It  aj)pears  to  be  a decomposed  tnichyte,  in  which  the  feldspar 
afiected,  but  the  mica  not.  The  jMis.sage  of  niuriatic  (liydrochloric)  acid 
is,  by  some,  supposc'd  to  have  effected  thi.s  transfonnation.  It  is  a re- 
nuirkable  rock,  but  not  one  of  geiienil  occurrence,  being  nearly  confineil 
to  the  district  of  the  Puy  de  Dome,  in  France. 

• See  Nanmami’s  Lehrbucli  der  Geognosie,  l.st  vol.  p.  7S1. 

♦ Geod»*s  are  roundeU  concretions,  gcnonilly  hollow,  and  containing  ciystals.  Tliey  are 
MOinetimcs  called  “ iwtatoc  stones”  from  their  size  and  shape. 
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5.  Andmte  ; a tracliytic  rock,  found  in  Chimborazo  and  other  parts 
of  the  Andes  ; has  white  ciystals  resembling  albite  in  a crystalline  base 
of  a dark  colour.  It  luis  various  degrees  of  compactness  and  consistency, 
and  has  a coarse  conclioi«lal  fracture.  Small  crystals  of  glassy  feld.s})ar 
occur,  though  rarely,  but  those  of  hornblende  an;  common  ; aiul  augite 
is  also  present  sometimes.  From  the  predominance  of  hornblende  it 
sometimes  j)aasi^s  into  a dioiite  or  gi-eenstone. 

6.  Clinkstotie  or  PhomUte  is  a comjiiict  homogeneous  rock,  with  a 
sf^dy  or  splintery  fracture,  sometimes  conchoklal,  of  a gmyish  green, 
or  ashy  gniy  colour,  both  weathering  white  e.xternally.  It  is  often 
rendered  poqdiyritic  by  8c*atteixjd  crystal  of  ghis.sy  feldspar,  but  these 
an*  commonly  not  very  distinctly'sejuirable  from  it,  ap])earing  only  as 
brilliant  surfaces  here  and  there  m the  mass.  Hornblende,  augite,  and 
magnetic  iron  an*  rare  in  it.  Acconling  to  Gmelin  it  consists  of  a mix- 
ture of  glas.<<y  feldspar,  with  a zeolite  in  variable  projxjrtions.  It  may, 
therefoi*e,  be  formetl  from  trachyte  by  the  addition  of  sea-water  ; the 
soda  of  which,  combining  with  some  of  the  orthoclase,  would  make 
glassy  feldspar,  while  the  water,  coniluning  with  the  other  constituents, 
would  form  a zeolite. — {Ahich^  in  D'Archiac,  vol.  iii.,  p.  604.) 

Clinkstone  commonly  sjdits  into  thin  slabs,  and  is  often  so  finely 
laminated  as  to  be  used  for  njofmg  slate.  The  slabs  give  a metallic  sound 
when  struck  with  the  hammer,  whence  its  name.  It  Ls  SiJinetimes  per- 
fectly columnar  ; the  columns  splitting  across  into  slabs,  which  are  also 
U8c*<l  as  slates.  It  may,  however,  perhaps  be  doulited,  w’hether  many  of 
the  so-called  v'olcanic  clinkstones  really  contain  water  according  to  tlu5 
definition,  and  whether  they  are  not  a flaggy,  or  laminated  variety  of 
compact  trachyte. 

SjKjcific  gravity,  mean  2.58. 


\ 

\ 

)Iaxiiiuun. 

Minimum. 

Jlean. 

Silica  .... 

62 

54 

57.7 

Alumina 

24 

17 

20.6 

Potash 

9 

3 

6.0 

Soda  .... 

14 

3 

7.0 

Lime  .... 

3.5 

0 

1.5 

Magnesia  . 

2 

0 

0.5 

Oxides  of  iron  and  ) 

4.5 

1.5 

.3.5 

manganese  . J 

Loss  by  ignition  . 

3.5 

l.O 

3.2 

100.0 
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OBSIDIAN. 


Diirocher  places  Pitclistone  or  Retinite  among  the  trachytic  groups,  . 
Nuumaun,  Cotta,  and  others,  among  the  Felstones,  where  it  is  mentioned 
lartlier  on.  It  would  be  very  difficult  to  decide  which  arrangement  is 
really  the  best. 

7.  Obsidiaiiy  or  Volcanic  Glassy  is  the  vitreous  condition  of  a trachy- 
tic rock.  It  is  said  to  be  necessary  for  its  natural  production  that  the 
rock  should  be  composed  of  minerals  rich  in  silica,  “ or  trisilicates ; ” 
the  simple  “ silicates,”  or  “ bisilicates  ” of  alumina,  being  incapable  of 
forming  obsidian.*  {Daubenyy  p.  1 6,  2d  edition.) 

It  commonly  looks  like  coarse  bottle  glass,  having  a conchoidal 
fracture  and  breaking  into  shaqdy  angular  fragments,  semi-transparent 
or  translucent  at  the  edges,  black,  brown,  or  grayish  green,  rarely  yel- 
low, blue,  or  red,  sometimes  streaked. 


Sjxicific  gravity,  maximimi  2.55,  minmium  2.25,  mean  2.40. 


Maximum. 

Minimum. 

Mean. 

Silica 

78 

61 

71.0 

Alumina 

19 

10 

13.8 

Potash 

pm 

/ 

0 

4.0 

Soda  .... 

11 

0 

5.2 

Lime  .... 

2 

0 

1.1 

Magnesia  . 

1 

0 

0.6 

Oxides  of  iron  and 

6 

2 

3.7 

manganese  . J 

Loss  by  ignition  . 

1.5 

0 

0.6 

100.0 

8.  Pumice  is  the  cellular  juid  filamentous  form  of  obsidian  or  other 
trachytic  rock,  and  the  same  remarks  as  to  comjxjsition  will  apply  to  it. 

Abich  divides  pumice  into  two  groups  ; the  cellular  being  dark 
green,  poorer  in  silica  and  richer  in  alumina,  derived  from  clinkstone, 
trach}"te,  or  andesite  ; the  filamentous  white,  containing  more  silica,  and 
deriveil  from  trachytic  poq>hyry. 

* I do  not  at  all  di.sjtutc  the  truth  of  the  origin  here  asHigned  to  all  natunilly  formed  ob- 
nidtan,  but  it  is  eqnally  true,  that  basalt  can  b<i  artificially  converted  into  a substance  pre- 
cisely resembling  natural  obsidian,  by  sim])le  melting  and  rapid  cooling.  Messrs.  Chance 
of  Binninghaiu  melted  the  basalt  of  the  Rowley  Hills  by  simple  heat  without  the  addition 
of  any  foreign  ingredient,  and  cast  it  inUj  blocks  and  ornamental  mouldings  for  andiitectural 
purpose.s.  Portions  which  were  allowed  to  cool  rai>idly,  formed  olwidian,  undistinguish- 
ablu  by  any  external  character  from  that  of  volcanic  districts.  S]>ccimen8  may  be  seen 
in  the  Museums  of  Jennyn  Street,  Loudon,  and  Stephen’s  Green,  Dublin. 
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It  is  in  fact  the  froth  of  a lava,  its  porous  and  filamentous  characters 
being  due  to  the  es(mj>e  of  gaseous  matter  through  it  Owing  to  this 
porous  and  vesicular  character  it  swims  on  water,  but  its  true  specific 
gravity  when  pounded,  varies  from  2.0  to  2.53,  the  mean  being  2.30. 


Maximum. 

Minimum. 

Mean. 

Silica 

77.0 

61.0 

68.8 

Alumina 

18.0 

10.0 

14.0 

Potash 

6.0 

1.5 

3.7 

Soda  .... 

11.0 

0.0 

6.0 

Lime  .... 

2.0 

0.0 

1.1 

Magnesia  . 

1.0 

0.0 

0.6 

Oxides  of  iron  and  ) 

4.5 

0.5 

3.2 

mangane.se  . / 

Loss  by  ignition  . 

4.0 

0.5 

2.6 

1 

100.0  i 

1 

The  Dolerites,  or  Acgitic  Lavas. 

9.  Dolerite, — A crystalline,  granular,  distinct  mixture  of  labradorite 
and  augite  with  some  titaniferous  magnetic  iron  ore,  and  also  often  with 
some  carbonate  of  iron  and  carbonate  of  lime.  General  colour,  dark  gray. 

Specific  gravity,  maximum  3.10,  minimum  2.85,  mean  2.06. 


Maximum. 

Minimum. 

Mean.  j 

! 

Silica 

65 

45 

51.0 

Alumina 

16 

12 

14.0 

Pota.sh 

1 

0 

0,2 

Soda 

5 

2 

3.4 

Lime 

13 

7 

10.0 

Magnesia  . 

9 

3 

5.5 

Oxides  of  iron  and) 

18 

9 

14.7 

manganese  . ) 

Lo.ss  by  ignition  . 

3 

0.5 

1.1 

99.9 
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Tlie  labnulorite  foniis  whitR  or  light  gray  labnlsir  crystals,  and  the 
augite  black  columnar  ones.  Both  am  easily  be  distinguished  by  the 
naked  eye,  especially  in  the  coarser  varieties.  The  magnetic  iron  forms 
small  octahedral  scarcely  visible  gmins,  which  can  be  recognised  only 
bv  the  magnet. — Cotta. 

Naumaim  and  Cotta  mention  a variety  fi*om  Aulgassc  near  Siegburg, 
which  contain.s  28  jxjr  cent  of  the  carbunates,  three-fourths  of  that  being 
carbonate  of  iron. 

Granular  cr}stalline,  porjdijTitic  and  amygdaloidal  varieties  of  the 
rock  occur. 

10.  Ayiamesite  is  properly  only  a fiue-gr.iined  dolerite,  so  fine-grained 
that  we  can  only  distinguish  the  fact  of  the  granular  texture,  and  no 
longer  recognise  the  individual  minei’als.  Its  cohmr  is  dark  gi’ay  or 
greenish  or  brownish  black.  It  forms  the  intermediate  step  between 
dolerite  and 

1 1.  Basalt^  which  is  a compact,  apparently  homogeneous,  nearly  or 
altogether  black  rock,  with  a dull  conchoidal  fracture.  It  often  con- 
tains crystals  or  grTiins  of  augite,  olviue,  or  magnetic  iron,  and  is  some- 
times vesicular  or  amvgdtiloidal.* 

Specific  gravity,  ma.xiinum  3.10,  minimum  2.85,  mean  2.96. 


Maximum. 

Minimum. 

Mean. 

Siliai 

53 

42 

48.0 

.tUumina 

18 

10 

13.8 

Pottish 

3 

0.5 

1.5 

1 Soda  .... 

5 

2 

3.0 

i Lime .... 

14 

4 

10.2 

1 Mtignesia  . 

10 

3 

6.5 

! Oxides  of  iron  and  ] 

16 

9 

13.8 

1 } 
j manganese  . j 

I L(tss  by  ignition  . 
1 

5 

1 

3.2 
1 00.0 

The  knowledge  of  the  composition  of  ba.salt  dates  from  1836,  wlien 
Gmelin  shewed  that  it  was  like  phonolite,  an  intiuiate  mixture  of  one 

* Acconling  to  Cotta,  the  rock  of  the  Giant's  Causeway,  etc.,  in  the  north  of  Ireland, 
ought  to  Im!  called  nnamcsite  rothcr  than  Iwusnlt.  According  to  Senft  the  Im-salt  of  the 
Howlcy  hills  in  Htaflonlshire  is  melnphyr,  a.s  is  also  the  toadstonc  of  Derbyshire.  I fear 
that  these  ditcmiinations  may  be  due  to  the  preconception  that  basalt  proper  could  not 
occur  in  the  oMer  rocks  rather  than  to  any  sounder  reason. 
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part  that  was  decomposable  in  acid  and  another  not  decomposfible. 
The  decomposable  portion  is  partly  of  the  nature  of  a zeolite,  partly  of 
that  of  labmdorite  ; the  undecom posable  j)ortion  is  augite. — Cotta. 

Basalt,  therefore,  as  it  contains  water  in  its  zeolitic  j)ortion,  bears 
the  sjime'  relation  to  dolerite  that  clinkstone  does  to  traclivte. 

Tlie  three  njcks  above  mentioned  differ  rather  in  texture  than  in 
mineral  comj)osition.  In  the  two  following  rocks  another  feldspathic 
mineral  is  substituted  for  the  labradorite. 

12.  Nephdim  Dolerite  is  a crystalline  granular  mixture  of  neplie- 
line,  augite,  and  some  magnetic  iron. — Cotta. 

1 3.  Leucite  Rock  is  a crystalline,  gi’anular,  porphyritic-like,  or  even 
a compact,  aggregate  of  Icucite,  augite,  and  some  magnetic  iron  ; gene- 
rally gray. — Cotta. 

TrACHY-DOLERITE,  or  iNTERilEDIATE  LaVAS. 

These  rocks,  from  their  ver}"  nature,  do  not  admit  of  any  j)recise 
definition  or  nomenclature.  The  rocks  already  named  and  de.scribed 
are  mixtures  of  various  minerals.  When  those  mixtures  arc  in  any- 
thing like  definite  proportions,  and  the  minerals  arc  well  characterized, 
the  rocks  assume  a particuhir  character,  and  are  capable  of  definition. 
AMien,  however,  the  mixtures  become  indefinite,  and  the  minerals  begin 
to  ])a.ss  one  into  another,  or  are  so  intimately  blended  that  they  cannot 
be  distinguished,  attempts  at  definition  only  lead  to  confusion  instead 
of  oi-der,  and  encumber  the  memory  lather  than  as.sist  it. 

Instead  of  separating  these  blending  rocks,  then,  and  distinguishing 
them  by.  dilferent  names,  it  is  better  to  unite  them  under  one  tenn, 
such  as  that  jiroposed  by  Abich,  of — 14.  Trachy-dolerite. 

Neither  is  this  a mere  eva.sion  of  a dilliculty,  since  the  things 
themselves  arc  so  .similar  both  in  .substance  and  in  origin,  that  the 
creation  of  distinct  names  would  be  merely  making  distinction.s  where 
no  real  or  e.s.seutial  diti'ereiice  exi.sts. 

Abich,  however,  .seems  rather  to  have  proposed  the  term  of  Trachy- 
dolerite  in  order  to  designate  a j)articular  vanety  of  rock  rather  than 
to  include  an  indefinite  group,  and  Durocher  give.s  it  a particular  com- 
position, which,  however,  I omit. 


The  Mechanically  formed  Accompandients  of  Lava. 

1 5.  Volcanic  Tuff  { Volcanic  Ash)  con.sists  of  the  a.sh,  dust  or  powder, 
mLxetl  with  lapilli  (or  rapilli),  or  small  fnigments  of  lava,  ejected 
from  a volcanic  orifice  during  eruption.  Tlie.sc  materials  often  greatly 
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VOLCANIC  ROCKS. 


8uri)ass  in  bulk  the  mere  lava  streams  which  precede,  follow,  or  accom- 
pany them.  We  may  include  under  the  tenn  also  the  accumulations 
of  still  larger  masses,  provided  we  can  shew  that  they  w’ere  ejected 
masses,  and  not  derived  bv  mere  eiX)sion  from  the  waste  of  a cooled 
lava.  Tlie  state  of  consolidation  of  these  materials  varies  as  much  as 
the  size  and  composition  of  their  particles.  Sometimes  they  reniain 
quite  loose  and  incoherent,  sometimes  form  a solid  stone.  If  after 
ejection  they  full  on  the  land,  they  may  beccune  coni])acted  into  a rock 
either  by  the  simple  pressun*  of  their  own  weight,  or  in  consequence  of 
the  percolation  of  water.  This  water  may  either  l>e  rain  falling  with 
the  ashes,  or  rain  or  other  water  subsecpiently  gaining  acce.ss  to  them. 
Tlie  a.sh  that  fell  on  Herculaneum  wa.s  mixed  with  water,  and  is  there- 
fore much  mow  consoUdatisl  than  that  which  covered  Pomptdi.  If  the 
ashes  fall  in  the  sea  they  become  subject  to  the  cx^nditions  under  which 
all  other  mechanically- fonned  aqueous  rocks  are  produced.  In  this  ca«^ 
tufl‘  or  ash  often  contains  fossil  shells. 

Abich  describes  the  ti-achytic  tuffs  of  the  neighbourhood  of  Naples 
as  of  two  sorts — one  inferior,  of  a clear  str.iw-colour,  characterised  by 
fnigments  of  glassy  feldsjwir,  augite,  and  hornblende,  the  other,  or  upper 
tuff,  being  white,  in  thinner  beds,  and  with  much  pumice. 

Some  geologists  confine  the  tenn  tuff  to  trachytic  ma.sses,  and  use 
the  word  “ixjperino”  to  designate  those  derived  from  pyroxenic  (or 
augitic)  rocks. 

Immense  piles  of  volcanic  sand  and  gravel,  and  great  breccias  coni- 
})o.sed  of  large  semi-angular  fragments,  also  not  unfrequently  occur, 
which  could  not  jiroperly  be  included  under  the  Italian  word  “ tuff,” 
or  the  English  “ ash,”  becau.se  they  are  more  ]>robablv  the  result  of  the 
mere  aipieous  erosion  of  a jireviou.sly  existing  lava  than  the  contempo- 
raneous accompaniment  of  a lava  stream.  Sir  C.  Lyell  uses  the  term 
“agglomerate”  in  describing  some  of  the.se  ma.s.'^es  of  fragments  of 
volcanic  rocks. 

llie  word  “ a.sh”  is  not  a ver\'  good  one  to  incliule  all  the  mechani- 
cal accxmipaniments  of  a subat;rial  or  subaqueous  eruption,  since  a.sh 
seems  to  Ixi  n»stricted  to  a fine  powder,  the  residuum  of  combustion. 
A woixl  is  wanting  to  express  all  such  accoin])animents,  no  matter  what 
their  size  and  condition  may  be,  when  they  are  accuinulatixl  in  such 
miuss  as  to  form  beds  of  “ rock.”  We  might  call  them  perhaj»s  “ jiyni- 
clastic  materials,”  but  I have  endeavoured  in  vain  to  think  of  an  Eng- 
lish word  which  should  expre.s.s  this  meaning,  and  believe,  therefore, 
that  the  only  }>lan  will  be  to  retain  the  word  “ lush,”  giving  it  an 
enlarged  technical  meaning,  so  a.s  to  include  all  the  fragments  accumu- 
lated during  an  igneous  eruption,  no  matter  what  size  or  what  shapt^ 
they  may  be. 
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II. — Trappean  Bocks. 

It  has  been  before  swiid  tliat  this  designation  is  adopted  as  a con- 
venient one  only,  and  for  the  same  reason  I would  extend  it.  The 
won.1  “ trap”  has  hitherto  been  considered  to  be  strictly  aj)plicable  only 
to  honiblendic  or  augitic  rocks.  Naumann  uses  it  as  a synonvin  for 
basalt  ; and  Senft  for  melaphyr,  and  what  he  calls  basidtite.  It  is 
derived  from  the  Swedish  trapjxij  a stair,  those  rocks  being  .supposed 
TLsually  to  assume  a step-like  form.  Tlie  tenn,  as  thus  derived,  i.s, 
however,  no  more  exclu.sively  applicable  to  the  honiblendic  than  to  the 
feldspathic  igneous  rocks,  and  has  often  been  u.sed  vaguely  to  designate 
any  igneous  rocks  which  could  not  be  .said  to  be  distinctly  granitic  on 
the  one  haiul,  or  absolutely  volcanic  on  the  other.  In  this  vague  ami 
general  sense  I shall  here  use  it,  its  very  vagueness  being  its  recom- 
mendation a-s  best  adapted  to  receive  a class  of  rocks  that  do  not  admit 
of  any  strict  definition  or  circum.scription. 

As  the  volcanic  rocks  are  divisible  into  three  heads,  fehlsjiathic, 
augitic,  and  intennediate,  .so  we  may  conveniently  divide  traj)pean  rocks 
into  three  similar  heads,  feldspathic,  homblendic,  and  intermediate. 
For  the  two  first  of  these,  the  general  designations,  Felstone  and 
(jreen.stone  may  be  used.  Felstone  will  comprise  the  siliceous  traps,  as 
trachyte  does  the  siliceous  lavas,  ami  greenstone,  the  more  basic  traps, 
as  dolerite  includes  all  the  more  basic  lavas.  The  blow-pipe  comes  here 
into  play  as  a good  practical  means  of  distinguishing  between  the 
varieties  of  trap,  as  the  more  realily  fusible  varieties  will  almost  cer- 
tainly belong  to  the  ba.sic  cla.ss  rather  than  the  siliceous. 

Fe[-stone  or  Feldspathic  Traps. 

16.  Felstone  is  a name  hiken  from  the  Geiman  Fehhtein,  and  propo.se<l 
by  Professor  Sedgwick  to  designate  a cla«s  of  igneous  rocks  to  which 
many  titles  have  been  given,  but  which  have  not,  till  lately,  been 
projHfriy  examined  and  described.  Compact  feldspar,  petrosilex,  and 
comejin,  are  among  these  names,  as  well  as  the  homstone  of  some 
geologi.sts,  though  that  name  has  abo  been  apj)lied  to  chert,  and  to 
altered  clay  rock.s.  Tlie  Germans  de>icribe  this  rock  under  the  head  of 
Porjdiyry  or  Felsite  jwrjdiyiy,  thus  assuming  an  accidental  variety  of 
structure  as  an  essential  cliaracter.  Any  one  who  had  mapped  whole 
mountiiins  and  great  districts  of  it,  as  the  Officers  of  the  Geological 
Survey  have  done  in  Wales  and  Ireland,  would  have  felt  the  necessity 
of  havdng  a name  t4i  distinguish  the  rock  itself,  whether  it  was  com- 
pact, as  it  usually  occurs,  or  cry  stalline,  or  porphyritic. 
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Fehtone  is  a compact,  smooth,  hard,  fliiity-looking  rock. 

It  has  two  ])rincij)al  varieties  ; the  pile  green  pa'isiiig  into  a 
greenish  or  yellowish  white,  and  the  blue  or  gray  varying  from  pale  to 
dark  gray.  The  gray  or  blue  variety  weatliei*s  wliite,  its  external 
maigin  being  white  sometimes  to  the  dejith  of  a line,  sometimes  to  tliat 
of  an  inch  or  two.  Some  blocks  that  ajipear  wholly  white  have  a small 
blue  patch  in  the  centre.  The  green,  or  grc*enish  white  variety  is  often 
ver}'  translucent  at  the  edges  ; the  gray  is  comnioidy  opa<|ue.  The 
fmcture  is  generally  snuxith  and  stniight,  seldom  conchoidal,  but  in 
some  of  the  blue  or  gray  varieties  it  is  rough  and  splintery.  It  often 
splits  into  small  slabs,  and  sometimes,  especially  the  gix*en  kinds,  into 
lamina}. 

The  fragments  sometimes  ring  with  a metallic  sound  like  clinkstone, 
and  many  so  called  clinkstones  (such  as  those  of  the  Roche  Sanadoire 
and  Tuilliere  in  the  Mont  Dor  district,  and  those  of  the  Velay)  are 
very  similar  hi  external  chai-acters  to  many  of  the  felstones  of  AVales 
and  Ireland. 

Dm  •ocher,  under  the  name  of  petrosilex,  gives  the  following  com- 
jiosition  of  feist  one. 


Sp(.‘cific  gmvity,  maximum  2.G8,  minimum  2.58,  mean  2.G4. 


M.-txImum. 

Minimum. 

1 

Moan.  I 

Silica 

80 

G8 

75.4  1 

Alumina 

18 

] ] 

15.0  ' 

Potash 

G 

2 

3.1 

Soda 

G 

0 

1.3 

Lime 

2 

0 

0.8 

Magnesia 

2.5 

0 

1.1 

Oxides  of  iron  and  1 

4.5 

0.5 

2.3 

manganese  . . / 

Loss  by  ignition 

3.5 

0.0 

1.0 

1 

100.0 

1 

In  many  felstones,  both  in  North  Wales  and  South  Irelaml,  lines 
an<l  striae  of  slightly  different  colours,  resembling  lines  of  lamination 
or  deposition,  can  be  tniced  through  the  mass  of  the  rock,  sometimes 
straight,  sometimes  more  or  less  wavy  and  tortuous,  like  the  variously 
huc(i  lines  and  bands  in  a slag  from  an  iron  funiace,  and  resulting, 
jirobably,  like  them,  from  the  motion  of  the  mass  when  in  a jiasty  and 
semifluid  condition. 
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In  tlie  most  smooth  and  comjwct  varieties,  the  lens  will  often  dis- 
close small  shining  facets  of  crystals  of  feldspar,  and  these  become 
larger  and  more  niunerous  till  we  r(*ach  the  completely  granular  and 
crystalline  felstones.  Small  crystals  or  ciystalline  portions  of  cpiartz 
also  are  occasionally  present  in  most  varieties. 

Sometimes  the  rock  becomes  nodular  and  concretionary,  the  nodules 
var\dng  in  size  from  that  of  a j>ea  to  that  of  a man’s  fist,  either  scattered 
in  a com|)act  or  powdery  base,  or  touching  each  other  and  making  up 
almost  the  whole  mass  of  the  rock.  Tlie  substance  of  these  nodules  is 
sometbnes  the  same  as  that  of  the  base,  but  in  some  instances  they  are 
hollow,  and  contain  crystals  of  quartz  and  other  minerals,  and  also  a 
soft,  dark  green  earth.  In  this  resjiect  it  seems  to  resemble  the  rock 
previously  described  as  pearlstone,  though  it  never  has  any  pearly  or 
other  lustre. 

Tlie  Rev.  Professor  Ilaughton  has  lately'  published*  the  following 
analyses  of  fel.stones,  and  shewn  by  discussing  the  atomic  proi>ortions 
of  their  constituents  that  they  may  certainly  be  looked  upon  as  mixtures 
of  orthoclase  and  quartz,  a conclusion  which  had  previously  been  rather 
a suspicion  than  an  ascertained  fact.  I have  added  the  proportions  of 
the  two  minerals  at  the  foot,  so  as  to  comprise  the  whole  in  one  table : — 


A 

B 

C 

D 

; 

E 

Means. 

Silica 

81.36 

78.40 

77.20 

71.52 

74.88 

76.67 

Alumina  . 

7.86 

11.32 

6.54 

12.24 

1 2.00 

9.99 

Peroxide  of  iron 

3.32 

0.92 

5.82 

3.16 

3.50 

3.37 

Potash 

3.09 

4.83 

3.69 

‘5.65 

4.77 

4.40 

Stkla 

2.63 

. 3.09 

3.03 

3.36 

2.49 

2.92 

Lime 

0.90 

0.45 

1.81 

0.84 

0.34 

0.88 

Magnesia . 

0.45 

0.48 

0.60 

0.39 

1.28 

0.64 

Protoxide  of  iron 

• • • 

• • • 

• • • 

a • • 

0.20 

0.04 

Lo.ss  by  ignition 

• « « 

0.56 

1.12 

1.20 

1.20 

0.81 

T0TAI.S  . 

99.70 

1 00.05 

99.81 

98.36 

100.66 

99.72 

Quartz 

45.54 

37.17 

40.81 

20.51 

26.46 

34.09 

FehlqDar  . 

54.16 

62.32 

56.07 

76.65 

73.00 

64.44 

Totals  . 

99.70 

99.49 

96.88 

97.16 

99.46 

98.53 

• la  a paper.  On  the  Lower  Pal®ozf)ic  Rooks  of  the  Stnith-East  of  Ireland,  by  Professor 
Hanghton,  and  J.  Beete  Jukes.  Trans.  K.  I.  Academy,  voL  xxiii. 
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A was  from  Ballymurtagli  in  the  Vale  of  Avoca,  county  Wicklow, 
from  a depth  of  two  or  three  feet  in  the  rock,  obtained  by 
blasting,  mitunil  colour  pale  grayish  green,  weathering  white. 

B From  Carrickburn,  county  We.xford,  pale  grayish  green,  weathere 
quite  white,  becomes  in  places  nodular  concretionary,  having 
balls  from  one  to  three  inches  in  diameter. 

O Bonmahon,  county  Waterford,  pale  greenish  gray,  stratified  in 
some  places,  in  otliers  columnar,  translucent  on  edges. 

D Bemiunniore,  near  Killamey,  coliuimar,  greenish  gniy,  compact 
■\nth  facets  of  feldspar  and  globular  specks  of  quartz. 

E Tlie  rock  called  Pits  Head,  between  15eddgelert  and  Caemarv’on, 
North  Wales,  pale  green,  semi-translucent,  with  facets  of  feldspar. 

D is  embedded  in  rocks  of  Old  Red  Sandstone,  surrounded  with 
great  beds  of  “ asli  ” of  the  same  composition  as  itself.  The 
others  are  all  included  in  Lower  or  Cambi*o-Silurian  rocks, 
generally  a.ssociated  with  similar  “ ashes,”  or  “ felstone  tuffs.” 

If  we  compare  these  analyses  of  felstone  with  those  previously’  given 
of  trachy’te  and  trachytic  porjdiyry’,  we  sliould  be  struck  with  their 
resemblance.  We  may  certainly  say  that  some  of  the  more  highly 
silicated  tmehytes  would  include  some  of  the  less  highly  silicated 
felstones.  It  is  distinctly  stated  by’  Naumann  (Lehrb.  der  Geog.  vol.  i. 
p.  611)  that  according  to  Abich’s  researches,  Trachytic  poi-j^hyry  is  an 
intimate  mixture  of  Sjmidine,  of  Albite  (or  Ortlioclase),  and  free  Silica, 
which  latter  i»  present  to  an  amount  of  25  or  30  per  cent  ; which 
accounts  for  the  frequent  a})|K-amnce  of  crystalline  granules  of  (juartz. 

There  is,  therefore,  no  essential  difference  in  composition  between 
such  a variety  of  Trachyte  and  some  of  the  Felstones. 

The  most  usual  fonn  of  Felstone  is  one  which  is  perfectly  compact, 
sometime.s  as  much  so  as  a porcelain  without  the  glaze.  In  other  cases 
a few  half-fonned  facets  of  feldspar  will  l)e  seen  glancing  here  and  there 
in  the  mass.  It  ^rnsses  then  into  a variety’  in  which  crystals  of  feldspar 
become  numerous,  and  from  that  into  a granular  aggregate  of  crystals 
of  feldspar  and  (piartz,  or  a rock  which  is  sometimes  called  a quartz- 
iferous  j>()q>hyry  (quartzfiihrender  porphyr,  porphvre  quartzifere). 

Tliis  latter  rock  is  kno^vn  in  Cornwall  frecjuently’  to  occur  in  the 
form  of  dykes,  which  are  called  “ clvans,”  and  it  a]>pears  to  me  that  the 
tenu  “elvanite”  might  be  adopted  with  advantage  instead  of  the  more 
cumbrous  designation  of  “ quartziferous  jwrphyTy.”  This  rock  forms 
one  of  the  intennediate  gradations  between  Felstone  and  Granite. 

When  in  a ground  mass  or  base  of  comjiact  felstone,  distinct  crystals 
of  Feldspar  lie  scattered  about,  the  rock  then  becomes  a prophy’ritic 
Felstone,  or  Felstone  porphyry’.  It  not  unfrequenth'  happens  that  the 
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scattered  crj'stals  of  feldspar  are  of  a different  colour  from  the  base, 
and  the  rock  may  then  Ixj  used  as  an  ornamental  marble,  and  spoken 
of  simply  as  Poqdiyry.* 

In  the  Rejx)rt  of  the  progress  of  the  Geological  Surv'ey  of  Canada 
for  the  year  1858,  some  Wliite  Traps  are  spoken  of  as  a kiiul  of 
trachjlic  rock,  and  hnalyses  given  of  them  by  Mr.  Sterry  Hunt,  from 
which  they  seem  to  be  certainly  felstones. 

1 7.  Fitchstone  or  Retinite  appears  to  be  a variety  of  felstone,  having 
a more  vitreous  character,  and  a resinous  lustre  ; wlience  it  derives  its 
name.  It  is  of  many  colours,  varying  from  black  to  green,  gray,  and 
yellow.  It  might  i>erhaps  be  called  the  obsidian  of  felstone. 

Some  pitchsUjnea  are  varieties  of  trachyte  rather  than  of  felstone, 
and  occur  about  volcanoes  ; these  may  perhaps  be  looked  ui)on  as  stony 
ol>sidians.  In  other  places,  however,  pitchstone  occui-s  under  circum- 
stances which  woidd  cause  it  to  be  looked  ujwn  as  a trap  rock  rather 
than  an  actiuil  lava. 

Durocher  gives  it  the  following  composition. 

Specific  gravity,  maximum  2.36,  minimum  2.31,  mean  2.34. 


Maximum. 

Minimum. 

Mean. 

Sdica 

74.0 

62.0 

70.6 

Alumina 

17.0 

11.0 

15.0 

Potash 

6.0 

0.0 

1.6 

Soda  .... 

3.0 

1.5 

2.4 

Lime  .... 

1.5 

1.0 

1.2 

Magnesia  . 

2.0 

0.0 

0.6 

Oxides  of  iron  and  1 
manganese  . j 

4.0 

1.0 

2.6 

Loss  by  ignition  . 

8.5 

0.0 

6.0 

100.0 

Clinkstone  is  frequently  stx>ken  of  as  a trappean  as  well  as  a volcanic 
rock,  but  it  is  probable  that  many  of  the  rocks  so  described  would  not 
come  within  the  definition  of  clinkstone  given  before,  and  are  only 
platy,  flagg}^,  and  laminated  (perhaps  even  “ cleaved  ”)  varieties  of 
felstone.  Other  true  trapj)ean  clinkstones,  however,  are  probably  the 
hydrated  varieties  of  felstone,  just  as  volcanic  clinkstone  is  a hydrated 
trachj’te. 

• Tlie  literal  meaning  of  the  wonl  “ p«ri)hyr>-  ” is  puri)le,  because  tlie  earliest  use<l  stones 
of  this  )lfscriiition  hod  their  prevailing  hue  of  a deep  red. 

E 
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Greenstone,  or  Hornblendic  Trap. 

Greemtom  is  an  old  and  well-kno^\Ti  name  for  a numerous  and 
important  class  of  trappean  rocks.  It  is  a tnmslation  of  the  German 
GrUnsteiiij  and  may  be  taken  as  synonymous  ■with  the  French  Di(trite. 

20.  Greenstone  consists  of  a mixture  of  feldspar  and  hornblende, 
varj’ing  in  texture  from  a fine-grained  compact  rock,  in  which  the 
crystalline  state  of  the  minerals  is  barely  discernible  with  a lens,  to  a 
coarsely  crj'stalline  aggregate.  Its  colour  is  generally  a dull  green, 
\ arying  from  light  to  dark  green,  sometimes  almost  black.  In  some 
^'arieties,  on  the  other  hand,  where  the  fehlspar  is  very  white  jind  in 
great  quantity,  the  rock  might  be  described  as  white  .speckled  with  dark 
green  .spots.  It  weathers  to  a dull  dark-coloured  browm,  the  weathered 
blocks  being  generally  massive  and  well  rounded,  and  covered  with 
patches  of  white  lichen.  On  breaking  open  the  weathered  part  of  a 
greenstone  and  testing  the  rock  with  acid,  w’e  abnost  invariably  find 
that  it  \\ill  effervesce  along  the  inner  border  of  the  weathered  iwrtion. 
Many  greenstones,  also,  even  when  apparently  unweathered,  effervesce 
with  acids  along  the  minute  cracks  and  pores  in  the  mass. 

The  feldsj)ar  of  greenstones  is  commonly  presiuued  to  be  albite,  or 
oligoclase,  but  it  is  generally  difficidt  to  determine  its  variety  with 
precision  ; in  some  of  the  rocks  which  come  imder  this  head  augito  or 
hv-persthene,  or  some  similar  mineral,  is  substituted  for  hornblende. 
Mica,  of  a dark  brown  colour,  sometimes  occurs  (as  in  some  of  the 
Wicklow  greenstones)  either  in  distinct  plates,  or  as  coating  the 
surfaces  of  small  crevices  or  those  of  the  other  crj'sfids. 

M.  Delesse  says  that  many  rocks  hitherto  classed  as  greenstone  contain 
no  hornblende,  their  green  colour  being  the  result  of  the  greenness  of 
some  of  the  feldspar  composing  them.  These,  then,  would  probably  come 
under  the  head  of  one  of  our  crvstalline  felstoncs. 

V 

Greenstone,  like  felstone,  becomes  sometunes  porphyritic,  in  con- 
sequence of  one  or  other  of  its  constituent.s  fonning  distinct  crystals  in  a 
compact  mixture  of  the  re.st,  or  larger  disseminated  crystals  in  a fine 
grained  ciystalUne  base.  When  the  greenstone  is  quite  compact  and 
dark  coloured,  it  is  not,  pi-rhaps,  ver}-  easy  to  distinguish  it  from  basalt 
by  any  external  characters. 

Tlie  preceding  description  of  greenstone  is  sufficiently  general  to 
include  a number  of  rocks  which  have  received  different  particular 
designations  from  different  German  and  French  authors. 

Durochcr  includes  among  his  basic  rocks  four  varieties,  wliich  may 
be  called  trap  rocks,  as  distinguished  from  the  others,  which  may  be 
cla.ssed  as  lavas.  These  we  may  include  under  the  general  name  of 
Greenstone,  and  look  on  them  as  varieties  of  that  rock. 
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Dioritej  a coarse  or  fine-grained  mixture  of  albite  (or  oligoclase)  and 
hornblende,  and  therefore  a typical  greenstone.  When  the  hornblende 
greatly  predominates,  it  is  called  by  Naumann  Amphibolite. 

Both  Senft  and  Naumann  say  that  it  often  contains  crystalline 
grains  of  quartz  ; if  so,  it  is  no  longer  a basic  rock,  but  becomes,  to  all 
intents  and  purposes,  a Syenite,  and  should  therefore  be  no  longer 
spoken  of  as  either  Diorite  or  Greenstone.  They  say  also  that  in  some 
Diorites  the  albite  is  replaced  by  labradorite,  or  even  by  anorthite. 

Tlie  orbicular  diorite  of  Corsica  (sometimes  called  Corsican  granite) 
is  a remarkable  variety  of  the  rock. 

Durocher  gives  the  following  as  the  composition  of  Diorite  : — 


Specific  gravity,  maximimi  3.20,  minimmn  2.80,  mean  2.66. 


Maximum. 

Minimum. 

Mean. 

Silica 

60 

48 

53.2 

Alumina  . 

20 

13 

16.0 

Potash 

2 

0.5 

1.3 

Soda 

3 

1 

2.2 

Lime 

9 

3 

6.3 

Magnesia  . 

10 

2 

6.0 

Oxides  of  iron  and  ) 

20 

10 

14.0 

mangane.se  . . j 

Loss  by  ignition 

2 

0 

1.0 

100.0 

Diorite  often  becomes  porphyritic,  large  ciystals  of  hornblende  or  albite, 
or  both,  appearing  in  a fine-grained  base  of  Diorite. 

Eaphotide,  Gabhro,  Serpentinite,  Diallage  Rock,  is  described  as  a 
coarse  or  fine-grained  rock,  generally  of  a jmlish  green,  or  gray,  but 
sometimes  olive  or  greenish-brown  colour,  with  sometimes  a granitic, 
sometimes  a porphyritic  look. 

It  is  composed  of  labradorite  and  the  variety  of  hornblende  called 
diallage.  The  labradorite  is  sometimes  of  the  variety  called  Sausserite 
and  the  diallage  of  the  variety  called  smaragditc,  differences  which 
affect  only  the  lustre  or  colour  of  the  rock. 
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Specific  gravity,  inaximimi  3.10,  miiiimiuii  2.85,  iijean  2.95. 


Maxiimun. 

Miniiumn. 

Muan. 

1 Silica 

54 

45 

49.0 

Alumina 

17 

12 

15.0 

Potash 

1 

0 

0.3 

Soda 

4 

0.5 

2.5  1 

i Lime 

14 

6 

9.5  ! 

Magnesia 

15 

i 

9.7 

Oxides  of  iron 

and  1 

14 

8 

11.5 

manganese 

• j 

1 

Ijo.ss  by  ignition 

6 

1 

2.5  ^ 

1 

1 

• 9 

100.0 

llyiierite. — Tliis  term  is  not  used  by  Naumann.  Senft  makes  it  a 
family  tenn,  and  incliide.s  under  it  the  rocks  Eclogite,  Gahhro,  and  Hy- 
pe rsthenite.  Duroclier  makes  it  one  of  his  principal  tcnns,  and,  1 
conclude,  adopts  it  as  a synonym  of  Hypersthenite. 

l/yperit€  or  Hyjiersthcnite  is  a mixture  of  lahradorite  and  liyj)er- 
.sthene,  .‘sometimes  Hue  grained,  sometimes  exce.ssively  coai-se,  as  in  St. 
Geoige’s  Riy,  Newfoundland,  where  I have  myself  seen  the  rock  ; and 
where  it  consht.s  of  the  two  minerals  in  ciTsUds  Jis  large  as  the  fist. 
The  hypersthene  is  a diuk  brown,  inclining  to  black,  ami  the  labra- 
dorite  is  gieen,  with  glancing  shades  of  blue  and  red.  AVhen  fine 
grained,  the  rock  resembles  Diabase  or  Ai)hanite  of  a dark  l)rownish 
grc’on,  or  a i)ale  green,  according  to  circumstance's. 


►Specific  gravity,  maximum  3.10,  minimum  2.85,  mean  2.95. 


Mnximmn. 

Miniimim. 

Moan. 

Silica 

55 

48 

51.8 

Alumina 

16 

12 

14.5 

Pota.sh 

1 

0 

0.2 

Soda 

• 3 

1 

2.0 

Lime 

9 

5 

7.6 

Magnesia 

• • 

14 

6 

9.3 

Oxides  of  iron 
manganese 

and 

• i 

19 

8 

14.0 

1 

Los.s  by  ignition 

• • 

1 

’ 0 

0.6 

100.0 
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Senft’s  description  of  this  rock  is  the  following  : — An 
indistinctly  mixetl  rock,  of  dirty  greenish  brown,  or  reddish  gray,  or  green- 
ish black-brown,  passing  to  a completely  black  colour,  hard  and  tough  in 
the  fresh  state — in  which  appear  crystals  of  reddish  gray  labradorite, 
with  magnetic  titaniferous  iron  ore,  and  commonly  with  some  carbonate 
of  lime,  airbonate  of  iron,  and  ferruginous  chlorite  (Delessite)  sometimes 
in  crystalline  grains  ; sometimes  compact  or  earthy,  sometimes  porphy- 
ritic  or  amygdaloidaL  According  to  Durocher  it  has  : — 


SjKicific  gi'avity,  maximum  2.95,  minimum  2.75,  mean  2.85. 


Maxiiniim. 

)!iuiuium. 

.Mean. 

Silica 

55 

49 

52.2 

Altunina 

25 

18 

21.6 

Potiish 

3 

0 

1.5 

So<la 

6 

2 

4.0 

Lime 

8 

4 

6.2 

Magnesiii 

5 

3 • 

4.0 

Oxides  of  iron  and  i 

12 

5 

9.0 

manganese  . j 

* Loss  by  ignition  . 

3 

1 

1.5 

' 

1 

100.0 

Tliis  is  a term  which  may  be  very  usefully  adopted  among  us  for  those 
black  varieties  of  fine-grained  rock  that  seem  intennediate  between 
ordinary  green  greenstone  and  Idack  basalt. 

Btjsides  the  foregoing  njcks,  there  are  several  others,  some  of  which 
both  Senft  and  Naumann  group  together  imder  the  head  of  Diabase  or 
Diabasite. 

Ditibase  is  said  to  be  a mixture  of  the  feldspars  labradorite  or 
oligoclase  wnth  augite  (or  pyroxene),  and  often  with  chlorite,  and  r,\rely 
uniin])regnated  with  carbonate  of  lime. 

It  seems  to  diller  from  diorite,  therefore,  chiefly  in  having  tlie 
iiuignesian  silicate  in  the  fonn  of  augite  instead  of  honibleiule,  ami 
being  altogether  a more  basic  mixture,  as  shewn  by  the  prcstuice  (»f 
chlorite  ami  carlx)nate  of  lime. 

It  may  be  called  augitic  gnicnstone,  a.s  diorite  may  be  called  horn- 
blendic  greenstone. 

It  is  said  sometimes  to  have  a poi*phyritic,  and  sometimes  an  amyg- 
daloidal  texture.  Naumann  confines  the  tenn  Greenstone  to  Diabase. 

Aphaaite  appears  fi*om  Senft’s  description  to  be  a compact  or  exceetl- 
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ingly  fine-grained  variety  of  diabase,  generally  of  a greenisb-gray, 
greenish-white,  or  blackish-green  colour,  a litte  augite  or  chlorite  being 
added  to  the  diabase  mass. 

Lherzolit€j  according  to  Naumann,  is  a coarse-grained  compact  aggre- 
gate of  augite  (pyroxene),  of  an  olive  green,  brown,  or  gray  colour,  some- 
times variegated  in  streaks  or  spots  shading  into  each  other. 

Varuilite  is,  according  to  Naumann,  a compact  or  aphanitic  green- 
stone (diabase)  mass,  in  which  are  developed  small  concretions  from  the 
size  of  peas  to  that  of  nuts  of  a greenish-white  or  gray,  or  a violet-gray 
colour,  giving  it  a pock-marked  appearance,  whence  its  name. 

Calcaphanite. — ^^^len  these  grains  or  nodules  consist  of  calcspar, 
Naumann  c^lls  tlie  rock  by  this  name. 

Kersantite  is  a name  of  Delesse’s  for  a micaceous  diorite,  consisting 
of  oligoclase,  blackish  bro^\^l  magnesia  mica,  and  a little  greenish  horn- 
blende. Possibly  the  micaceous  gi*eenstones  found  at  Westaston  in  the 
county  Wicklow  might  be  included  imder  this  appellation.  Professor 


Haugliton  (in  the  paj)er  before  quoted),  gives  the  following  analyses  of 

these  greenstones. 

I. 

II. 

Silica 

52.08 

57.88 

Alumina  . 

15.60 

• • 

15.20 

Peroxide  of  iron 

. 5.75 

• • 

7.50 

Potash 

3.80 

9 

3.03 

8o<la 

2.92 

• « 

2.67 

Lime 

6.52 

* • 

4.81 

Magnesia  . 

8.40 

• * 

6.34 

Protoxide  of  iron 

2.57 

• • 

1.35 

Loss  by  ignition 

2.24 

• * 

1.04 

99.88 

99.82 

I.  is  a dark  greenish 

gray  rock,  with  glancing 

surfaces  of  bronze 

mica,  and  alternating  parallel  facets  of  feldspar  of  high  lustre,  no  horn- 
blende being  visible,  the  feldspar  being  the  chief  ingredient,  though  the 
mica  is  most  conspicuous. 

II.  is  a fine-grained  crystalline  rock,  forming  part  of  the  same  mass 
as  No.  L,  made  of  white  feblspar  and  mica,  which  is  sometbnes  also 
white,  but  passes  into  a greenish  amori)hous  mineral,  which  Ls  neither 
hornblende  nor  chlorite,  but  apparently  a leaden-coloured  greenish 
mica,  in  nearly  e(pial  quantity  witli  the  white  feldspar,  ('frans.  R.  I. 
.A-.,  vol.  xxiii.  p.  619.) 

To  the  rocks  described  above  may  be  added — 

Ecloifite^  a coarse  or  fine-grained  mixture  of  given  smaragdite  and 
red  garnet,  and  a sub-variety  of  tlie  same,  called 
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Disthene  rock,  from  its  containing  the  mineral  disthene  or  cyanite, 
which  Is  allied  to  the  garnets. 

It  may,  however,  be  very  well  doubted  whether  these  are  in  reality 
igneous  rocks.  They  are  perhaps  more  likely  the  products  of  meta- 
morphism. 

SeriKntine  or  Serpentinite, — We  have  already  seen  that  the  mineral 
serpentine  Ls  a hydrated  silicate  of  magnesia.  Serpentine  rock  is  com- 
pose<l  of  that  mineral  alone,  or  of  mixtures  of  it  ^^'ith  other  minerals, 
such  as  carbonate  of  lime,  alumina,  etc.  It  has  been  described  as  an 
igneous  rock,  and  some  varieties  of  greenstone  may  perhaps  be  ui^lis- 
tinguishable  in  composition  from  serpentine  ; but  it  may  well  be 
doubted  whether  tnie  Serpentine  be  any  thing  else  than  a metaniorphic 
rock.  See  Chapter  on  Metamorphic  Rocks,  postea. 

Durocher  speaks  of  Serj>entines  as  being  the  “ degradation  of  basic 
rocks,”  and  gives  the  following  as  their  composition  : — 


Specific  gravity,  maximum  2.66,  minimum  2.50,  mean  2.58, 


.Maximam. 

Miniiimm. 

; 

Mean. 

Siliai  .... 

45.0 

40.0 

42.5 

Alumina 

.3.0 

0.0 

•0.8 

Pota.sh 

0.0 

0.0 

0.0 

Soda  .... 

0.0 

0.0 

0.0 

Lime  .... 

3.5 

0.0 

0.8 

Magnesia 

44.0 

34.0 

39.5 

Oxides  of  iron  an«l  1 

8.0 

1.0 

3.4 

manganese  . / 

Loss  by  ignition  . 

15.0 

9.0 

13.0 

! 

100.0 

It  will  at  once  be  seen  that  this  composition  is  entirely  different 
from  that  of  any  of  the  truly  igneous  rocks. 

“ White  Rock''  Trap. — Greenstone  in  some  cases  loses  its  dark  colours 
and  becomes  almost  white.  Dykes  of  “ white  rock  ” trap  proceeding 
from  the  greenstone  of  the  south  Staffordshire  coal-field  look  sometimes 
like  an  earthy  variety  of  Felstone,  and  might,  unless  carefully  examined, 
Ihj  even  mistaken  for  sandstone,  except  that  they  send  intrusive  veins 
through  the  coal  and  other  rocks,  and  alter  them. 

The  late  Mr.  Henry  determined  the  composition  of  a specimen  of 
this  “ white  rock  ” trap  as  follows  : — 
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Silica 38.830 

Alumina  .....  13.250 

Lime  ......  3.925 

Maj^nesia  . . . . .4.180 

Soda 0.971 

Pota.sli  .....  0.422 

Protox.  iron  ....  13.830 

Perox.  iron  .....  4.335 

Carbonic  acid  ....  9.320 

Water  . . . . .11.010 


100.073 

’The  pn?.‘<ence  of  larj^c  a quantity  of  carbonic  acid  an«l  water 
makes  it  appear  very  different  in  composition  from  any  of  the  green- 
stones just  mentioned,  but  if  we  regawl  these  two  subsbuices  a.‘«  of  sub- 
sequent introduction  by  percolation,  and  as  having  entered  into  the  coiu- 
iHjsition  of  the  rock  a.s  metamorj)hic  agents,  some  of  the  silicates  having 
been  decomi^osed  and  converted  into  carbonate.s,  and  others  of  tlicm 
becoming  hydrated,  there  will  be  no  difficulty  in  supposing  the  rock  t«> 
have  fonned  originally  part  of  the  greenstone  imuss  from  which  the 
dykes  proceed.  Disregarding  the  carbonic  acid  and  water,  the.  conipo 
.sition  of  the  rock  would  be — 

Silica  ......  48.8 

Alumina  and  Perox.  iron  . . .22.1 

Ihx)toxide  base.s  ....  29.0 

99.9 

A composition  not  materially  differing  from  that  of  basiilt  or  the  more 
ba.sic  varieties  of  gn^enstone  to  be  found  in  the  prece<ling  pages. 

liamlt,  like  clinkstone,  mu.st  also  be  enumenited  among  the  tra])s 
a.s  well  as  among  the  lava.s,  since  it  may  be  ver}'  difficult  sjiy,  with 
respect  to  .some  ma.sses  of  btusiilt,  that  they  were  ejected  from  what 
might  be  truly  described  its  a volcano. 

Claystone,  or  Ifar/v,  is  sometimes  spoken  of  as  a trappean  rock.  It 
is  probably  either  a compact  basalt  or  greenstone,  ui  a decomposed  and 
earthy  state,  or  an  ash  jnutially  hardened  and  consolidated. 


Mechanicalt.y  formed  accompaniments  of  the  Traps. 

The  trap  rocks,  both  of  the  felstone  and  of  the  grticnstone  class, 
like  the  trachytic  and  doleritic  lavjis,  are  accompanie^l  by  their  re- 
spective “a.shcs”  or  “ tuffs.” 

41.  FeliUjHithic  Aith  is  usualh'  a rather  coarse-giained  tlaky  roC*k, 
with  little  luKlular  grains  enveloped  in  the  flakes  It  is  generally  of  a 
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pale  green,  pale  gi*ay,  or  white  colour.  It  has  often  a soapy  feel  to  the 
touch,  and  might  l>e  then  called  chlorite-schist  by  many  persons,  llie 
Hakes  may  sometimes  be  easily  debiche<l,  and  are  then  found  to  be 
translucent,  and  can  readily  be  ground  down  into  powder.  Other  varie- 
ties are  much  harder  and  more  compict,  and  there  is,  in  fact,  every 
gradation  from  a soft  ash  into  a compact  felstone,  undistinguishable- 
from  solhl  trap,  the  ash  having  been  consolidated  either  by  pressuR*  or 
by  heat,  or  by  both  combined. 

When  decomposed,  the  ash  has  often  a broAvn  or  yellow  nisty  stain, 
and  it  is  rare  to  find  a feldspathic  ash  that  will  not  etfervesce  slightly 
with  acids,  either  on  its  general  surface  or  in  its  minute  crevices.  Some 
ashes,  even  those  that  have  most  the  apj>earance  of  solid  tnip,  shew  casts 
of  fo.ssils,  and  many  contain  angular  fragments  of  slate  and  other  njcks, 
clearly  betraying  their  mechanical  origin.  Some  even  contiin  crj'stals 
of  fehbspar,  which  make  the  rock  look  like  a porj)hyr}%  until  closely 
exaniin<?d,  when  the  crystals  are  found  to  have  their  angles  worn,  and 
have  been  more  or  less  weathered  and  roiuided  before  they  were  in- 
cluded in  the  luise. 

Along  with  these  also,  there  geneially  occur  angular  or  rounded 
fi-agments  of  felstone,  .slate,  or  other  rocks,  of  every  size  up  to  blocks  of 
6 or  8 inches  in  diameter ; the  rock  then  becoming  a trappean  breccia  or 
conglomerate,  with  either  a hard  and  compact,  or  a loose  and  fiaky  ba.se. 

Stmd  is  sometimes  mingled  with  this  base  ; and  there  is  then  a pas- 
.sage  from  jxsh,  through  sandy  ash  and  {ishy  sandstone,  into  pure  sand- 
stone. 

Tlie  noilular  concretionary  structure,  which  I have  j)reviously  men- 
tioned as  occa.sionallv  to  be  seen  in  some  felstones,  likewise  occurs  in 
felstone  iish  very  abundantly,  and  it  is  not  always  ea.sy  to  determine 
in  these  n<Klular  (xmcretionary  tmj)  rocks,  whether  the  rock  was  oiigi- 
nally  a molten  tmp  or  an  ash  that  was  afterwanls  consolidated.  In 
either  ca.se  the  nodular  concretions  are  of  subsefiuent  origin,  like  the 
concretiomiiy  nodules  in  shales  and  clays.  Tlie  comiiuratively  soft  aiul 
ftakv  base  in  which  the  nodules  are  eiiclose<l  mav  either  be  the  original 
}ish,  or  it  may  be  part  of  the  tmp  which  ac(piired  that  texture  on  the 
formation  of  the  nodules.  The.se  nodules  varv  from  the  size  of  nuts 
t(»  that  of  the  fist,-  but  are  sometimes  still  larger,  and  the  whole  ina.ss 
of  tlie  rock  made  up  of  them. 

42.  (Jreenstone  Ash  is  perhaps  still  more  various  in  composition 
than  that  of  felstone,  from  which  it  <litters  in  being  irsually  of  a darker 
colour.  It  often  effervesces  with  acids,  and  even  to  a greater  extent 
than  felstone  ash,  as  we  should  expect  from  its  origin. 

One  Avell-marked  variety  i.s  a quite  compact  rock,  of  a pale  green- 
ish-brown hue,  sjieckled  with  small  black  .spots. 


82 


TRAPPEAN  ASH. 


Another  is  a flaky  coarse-grained  ash,  like  that  of  felstone,  hut  of  a 
darker  green  or  olive  colour.  This  sometimes  contains  embedded  crj's- 
tals  of  hornblende  * that  have  had  their  etlges  rounded  and  worn,  to- 
gether ^^'ith  angular  or  roimded  fragments  of  other  rocks. 

Another  variety  of  greenstone  ash  is  a dark  hornblende  slate,  j»ass- 
ing  into  hornblende  schist ; and  it  is  very  jx)ssible  that  many  horn- 
blende schists,  actinolite  schists,  etc.,  are  metamorphosed  ash-beds. 

It  is  obvioiLs  that  rocks  thus  made  chiefly  or  entirely  of  igneous 
materials  would  more  easily  be  metamori^hosed  than  purely  siliceous  (»r 
argillaceous  rocks,  and  would  then  be  converted  inU)  rocks  having  all 
the  appearimce  of  trap.  If  they  contained  crystals  of  feldspar  or  honi- 
blende,  such  altered  rocks  could  not  be  separated  from  porphyries. 

I would  venture  also  to  suppose,  that  the  rocks  spoken  of  by  the 
Germans  as  Greenstone  slate,  or  as  slaty  Diorite,  slaty  Diabase,  etc.,  are 
in  reality  the  ashes  of  those  rocks,  and  believe  that  much  of  that  which 
is  called  Wacke  is  of  similar  origin. 

Many  e.\amp1es  are  to  be  found  in  the  south  of  Ireland,  in  the 
pails  examined  by  the  Geological  Survey,  especially  in  the  county 
Limerick,  of  these  tufts  or  ashes  derived  from  greenstone,  or  from  some 
basic  trap  rocks.  Tliey  vary  from  the  fine.st  grained,  almost  ixjrcellanic 
looking  rock  of  a pale  green  or  dull  purple  colour,  through  every  grada- 
tion of  texture,  up  to  angular  and  roimded  breccias,  and  conglomerate.s. 
The  fragments  and  pebbles  in  these  trappean  breccias  are  either  })or- 
tions  of  tmp,  or  fragments  of  limestone,  sometimes  of  some  inches  in 
diameter,  and  they  form  great  beds,  several  hiuidred  feet  tliick,  inter- 
stmtified  with  beds  of  Carboniferous  limestone,  and  surrounding  bosses 
of  trap,  from  which  thick  widely-spread  flows  or  sheets  proceeil,  running 
for  many  miles. 

Some  of  these  tmpjwan  a«<hes  with  pebbles  of  Carboniferous  lime- 
stone, forcibly  reminded  me  of  the  volcanic  ashes  in  the  i.dands  of 
Erroob  and  Maer  (or  Damley  and  Murray  Islands),  in  Torres  Straits,  ui 
which  jiebbles  of  coral  limestone  were  included  together  with  pebbles 
of  the  lava  flows  of  which  the  islands  were  partly  composed. 

Some  of  the  gr(‘enstone  ashes  and  breccias  in  the  Carbonifeixnis 
rocks  of  Limerick,  as  also  in  the  older  Silurian  rocks  of  the  county 
Wicklow,  contain  fmgments  of  vesicular  greenstone  such  as  is  not 
knoini  in  situ  anywdiere  in  the  neighbourhood.  It  is  probal»le  that 
these  .scoriaceous  fnigments  are  derived  from  the  uj>per  surface  of  the 
old  tni])  stream  when  first  iwured  out,  that  u])j)er  surface  hanng  been 
destn)yed  and  swej)t  away  before  the  lower  part  of  the  trap  was  covered 

* Near  Black  Ball  Iletul,  county  Cork,  i«  a cliff  of  such  a greenstone  ash,  in  which  crys- 
tals of  homhlctuJe,  tlm‘c  inches  wide,  have  been  seen.  Tlicy  arc  dull  and  w'oni  externally, 
but  intonially  quite  bright  and  glistening. 
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by  the  deposit  of  the  aqueous  rock  which  now  covers  it.  Tliese  scoria- 
ceous  pebbles  are  interesting,  therefore,  as  the  only  relics  of  a former 
vesicular  and  almost  pumiceous  covering,  which  would  assimilate  the 
old  trappean  flows  with  those  of  recent  volcanoes.  (See  paper  on  Igne- 
ous Rocks  of  Arklow  Head. — Journal  Geol.  Soc.  Dub.,  voL  viii.,  p.  23.) 

Tlie  trappean  ash  of  county  Limerick  answ’ers  precisely  to  the  rock 
known  in  Genuany  as  Schaalstein  or  Si)ilites,  and  has  been  described 
under  the  latter  tenii  by  Mr.  Ainsworth  in  the  first  volume  of  the 
Journal  of  Geol.  Soc.  Dublin. 

Tlie  beds  coimuonly  knowm  as  “ red  ochre,”  which  lie  between  the 
great  basaltic  bauds  of  county  Antrim,  are  unquestionably  “ basaltic 
iish,”  a fact  of  which  I convinced  my.self  in  a recent  examination  of 
them.  They  consist  of  pinkish  and  yellowish  ferruginous  tmppean 
powder,  enclosing  angular  fragments  of  minutely  vesicular  trap,  and 
containing  in  some  places  concretions  of  red  jusolitic  hajinatite.  In 
other  instances  they  pa.ss  into  a browm  compact  earthy  clay,  the 
“ wacke  ” of  continental  waiters,  and  probably  the  “ claystone  ” of 
Jameson,  but  they  are  all  the  contemporaneous  accompaniments  of 
the  eruptions  from  W'hich  the  bjisaltic  flows  proceeded,  and  the  more 
minutely  vesicular  (almost  pimiiceous)  fragments  they  contain  are  the 
more  frothy  parts  of  those  flows,  either  blow’u  fi*om  the  orifices  and 
falling  into  the  sea,  or  swept  from  their  surface  immediately  on  their 
first  cooling. 

In  the  preceding  descriptions  of  the  volcanic  and  trappe;m  rocks 
it  has  been  my  object  to  give  such  an  account  of  them  as  may  enable 
the  student  to  identify  the  more  marked  varieties.  It  will  ordinarily 
be  sufficient  for  liim  to  detenuine  in  the  field  wiiether  a hiva  be  a 
tracliyte  or  siliceous  lava  on  the  one  hand,  or  a dolerite  or  basic  lava 
on  the  other ; and  similarly  among  the  traps,  whether  it  be  a siliceous 
trap  or  fel  stone,  or  a basic  trap  or  greenstone.  Tlie  varieties  of  each 
class  may  very  safely  be  left  imdistinguishcd  until  the  specimens  come 
to  be  arranged  in  the  cabinet  of  cla.ssified  rocks,  after  they  have 
lieen  submitted  to  chemical  analysis,  or  other  more  exact  methods  of 
examination  than  can  be  pursued  in  the  field. 

III. — The  Granitic  Rocks. 

It  h.as  lieen  once  or  twice  pointed  out  in  tl>e  preceding  |>age8  that 
the  volamic  and  trapjiean  rocks  are  reatbly  divi.sible  uito  two  series, 
according  to  the  relative  proportions  of  the  acifl  (silica),  and  tlie  earthy 
and  alkaline  bases  wdiich  enter  into  their  composition. 

Tlie  siliceous  lavas  or  trachytes  consi.st  of  the  most  highly  silicated 
feldsjiars,  and  some  of  their  varieties  are  said  even  to  exhibit  quartz  in 
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<’.onse(]uence  uf  liaving  more  silica  than  could,  be  absorbed  by  then- 
basic  constituents.  In  the  siliceous  trai)s  or  felstones  this  is  always  the 
case,  and  the  rock  consists  of  a mixture  of  uncombined  siliwi  or  (juartz 
and  of  the  most  highly  silicated  feldspars.  It  would  obviously  be  most 
unlikely  that  the  more  basic  feldsjmrs  (bisUicates),  such  as  labradorite, 
should  have  been  pnxluced  in  such  rocks,  since  the  proportionate 
<|uantity  of  silica  present  was  not  only  enough  but  more  than  enough 
to  have  made  them  into  trisilicaU‘s. 

In  the  felstones  pro})cr,  however,  the  quartz  although  existent 
i-arely  Ix^comes  visible,  or,  if  it  does,  oidy  apj)ears  as  detached  globular 
particles  widely  scattered  in  the  mass.  In  the  felstone  and  trachytic 
jjorphyries  indeed,  (piartz  is  said  sometimes  to  occur  in  perfect  crystals 
of  double  pyramids  {Baron  Richtofen  Proceed.  Imp.  (Jeol.  Inst.  Vienna., 
March  15,  1859,  as  abstracted  in  Oeol.  Journal,  vol.  15),  but  this  must 
be  looked  on  as  an  exception  to  the  general  rule. 

In  all  the  granitic  rocks,  on  the  other  hand,  quartz  is  not  only 
present  but  visible,  the  existence  of  crystalline  jmiticles  of  (piartz,  inter- 
tangled  with  the  crystalline  particles  of  tlie  other  minerals,  being  their 
most  essential  character.  It  is,  how-ever,  remarkable  that  (juartz  never 
fonns  in  granite  perlect  crystals,  whereas  the  feldspathic  ingredients 
frequently  <lo  so,  and  the  micaceous  not  nnfrequently.  The  feldspars 
orthochise,  albite,  or  oligixilase,  were  then  solidified  p^e^^ously  to  the 
fjuartz,  an  anomaly  to  be  exijlained  perhaps  by  the  fact  of  a difference 
between  the  point  of  fusion  and  the  point  of  solidification  in  the  minerals, 
and  by  the  protracted  viscosity  of  the  quartz.  This  may  be  owing  to 
tlie  slow  refrigeration  of  the  mass,  allowing  the  highly  siliceous  minerals 
to  crystallize  in  a magma  of  silica,  while  the  more  rapi<l  cooling  of  the 
poi’iihynes  and  trachytes  produced  a mixed  feldsi)athic  paste  only,  in 
which  .some  crystals  of  quartz  were  generated  (tb.) 

Professor  Haughton  has  well  sj)oken  of  felstone  Ji.s  the  “glass  of 
granite.” 

(iiunite  then  may  be  looked  upon  as  the  original  rock  from  whicli 
the  purely  feldspathic  or  highly  silicated  traps  and  lavas  have  ])roceede»l 
dii-ectly,  the  differences  between  them  being  due  rather  to  the  circum- 
stances under  which  they  have  been  cooled  and  con.soli<lated,  than  to  any 
essential  distinction  in  their  ingiedient.s.  It  is  a difference  of  texture, 
not  of  composition.  Granite,  however,  may  equally  b(;  looked  upon  as 
tlie  original  ma.ss  of  the  mon?  basic  traps  and  lavas,  if  we  conceive  that 
to  an  original  molten  ma.ss  of  granite  a tpiantity  of  the  more  fusible 
bases  were  in  some  way  added. 

Thei-e  exist  in  nature  i-ocks  which  are  ajiparently  the  intertnediate 
steps  or  jMssages  from  granite  into  two  kinds  of  tra]>  rocks.  When  a 
felstone  becomes  distinctly  crystalline  gi-anular,  so  as  to  consist  of  an 
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aggregate  of  crystolline  particles  of  feldspar  and  ipiartz,  it  only  re([uires 
the  addition  of  some  micaceous  mineral  to  become  a tme  granite. 

When,  on  the  other  hand,  a greenstone  is  coarsely  cryshilline,  so  as 
to  fonn  an  aggregate  of  crystalline  particles  of  feldspar  and  hornblende, 
it  only  requires  the  appearance  of  crj'stalline  granules  of  ([uartz  to  be- 
come a ti-ue  syenite,  which  is  but  a modification  of  gmnite. 

43.  Omnite. — True  Granite,  in  its  onlinary  form,  i.s  one  of  the  most 
easily  described  and  certainly  recognized  of  all  rocks.  It  is  a fine  or 
coarse-grained  crystalline  aggregate  of  the  three  minerals  feldspar,  mica, 
and  quartz.  Its  name  is  sometimes  said  Uj  be  derived  from  its  granular 
stmcliu'e,  but  Jameson  derives  it  from  ff eremites^*  a term  used  by 
Pliny  to  designate  a particular  kind  (»f  stone. 

Ordinary  granite  varies  according  to  the  composition  of  the  feldspar 
and  mica  composing  it,  acconling  to  the  relative  proportions  of  those 
minemls  to  each  other  and  to  the  quartz,  and  according  to  the  size  of 
the  crystals,  and  the  state  of  aggregation  of  the  several  constituents. 

Tlie  feldspar  of  granite  may  be  either  orthoclase  or  poUrsli  feldspar, 
fre<piently  flesh-coloui-ed,  but  sometimes  white ; albite  or  soda  feldspar, 
generally  dead  wliite  ; an  intenni.xture  of  those  two  ndnerals  ; or  lastly, 
the  feldspar  called  oligoclase. 

The  kind  of  feldspar  seems  .sometimes  to  be  peculiar  to  the  locality, 
the  granite  of  the  south-ea.st  of  Ireland  containing  orthoclase  only, 
some  of  that  of  the  Moume  Mountains  albite  as  well  as  orthoclase, 
while  the  Scandinavian  gnmites  have  mostly  oligoclase. 

The  mica  of  granite  varies  greatly  in  colour  and  lustre,  being  some- 
tiine.s  dai'k,  coppery -browm,  sometimes  black,  sometimes  green,  soiuetinies 
golden  yellow,  and  .sometimes  a pure  silvery  white. 

Tlie  quartz  is  conmionly  colourle.ss  or  white,  but  sometimes  dark 
gray  or  bro^^Tl. 

The  proportions  of  the  tliree  constituents  var}'  indefinitely,  with  this 
limitation,  that  the  feldspar  is  always  an  essential  ingredient,  and  never 
fonus  le.ss  than  a third,  rarely  less  than  half  of  the  mass,  and  generally 
a .still  larger  proportion.  Sometimes  the  mica,  sometimes  the  quartz, 
becomes  so  minute  as  to  be  barely  j>erceptible. 

Tlie  state  of  aggregation  of  the  mass  varies  also  greatly,  some  gnmites 
being  very  close  and  fine  grained,  others  largely  and  coarsely  crystalline. 
Tlie  colours  of  the  ix)ck  are  generally  either  red,  gray,  or  white  ; the 
first  when  the  feld.spar  is  fiesh-coloured,  the  latter  when  it  Is  pure  white, 
the  intennediate  gray  tints  depending  chiefly  on  the  abundances  and 
colour  of  the  mica,  but  sometimes  on  that  of  the  quartz. 

Large  and  distinct  cry  stal  of  feldspar  sometimes  occur,  disseminated 
at  intervals  through  the  mas.s,  giving  the  rock  a porphyritic  texture. 
It  is  then  called  Porphyritic  Granite. 
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In  the  jwper  before  quoted  from  the  Transactions  of  the  Royal 
Irish  Academy,  Professor  Haughton  gives  a very  complete  account  of  the 
constitution  of  the  largest  granitic  mass  in  the  United  Kingdom,  that, 
namely,  that  stretches  south  of  Dublin  for  a distance  of  seventy  miles. 

The  followng  in  the  mean  of  the  analyses  of  eleven  specimens  from 
so  many  diflerent  jiarts  of  the  chain  : — 


! 

1 

1 

Maximum. 

Minimum. 

Mean. 

Silica 

74.24 

70.28 

72.07 

Alumina 

16.68 

12.64 

14.81 

Peroxide  of  iron 

3.47 

1.08 

2.22 

Potash 

7.92 

3.95 

5.11 

Soda  .... 

3.53 

0.54 

2.79 

Lime  .... 

2.84 

0.67 

1.63 

Magnesia 

0.53 

0.00 

0.33 

Protoxide  of  iron 

0.30* 

0.00 

0.00 

Loss  by  ignition  . 

1.39 

0.00 

1.09 

100.05 

Professor  Haughton  shews  that  the  granite  liaving  the  above  average 
composition  consists  of  four  minerals,  orthoclase,  two  kinds  of  mica, 
and  quartz,  confusedly  embedded  in  a feldspathic  paste. 

ITie  feldspathic  pasta  does  not  assume  any  definite  crystalline  form, 
and,  therefore,  is  not  considered  to  be  entitled  to  the  name  of  a definite 
mineral.  It  contains  nearly  4 per  cent  of  both  potash  and  soda,  and 
seems  to  be  the  superfluous  matter  in  the  original  mixture  which  re- 
mained unused,  as  we  may  say,  when  the  other  minerals  formed. 

Having  analysed,  sepiirately,  the  distinct  minerals  orthoclase,  the 
white  mica  or  margarodite,  and  the  black  mica,  which  he  shews  to  be 
Icpidomelane,  and  having  assumed  that  the  fclds])athic  paste  is  at  all 
events  a trisilicated  feldspar  (which  it  must  be  from  the  presence  of 
frc'i;  silica  in  the  rock),  Professor  Haughton  calculates  the  proportions 
of  each  minend,  and  gets  the  following  as  the  mineralogical  constitution 
of  the  granite  : — 


Quartz 

. 27.66 

Feldspar 

. 52.94 

Margarodite  . 

. 14.18 

Lepidomelane 

5.27 

100.05 

* In  one  case  only. 
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tliat  is  to  say,  rather  more  than  a half  feldsi>ar,  rather  more  than  a 
< quarter  quartz,  and  the  rest  tw'o  kinds  of  mica. 

Ha^^ng  established  the  constitution  of  this  great  mass  of  granite, 
and  shewn  its  constancy  throughout  its  extent,  he  then  proceetls  to 
examine  the  composition  of  a number  of  granitic  bosses  that  pnArude 
through  the  slate  rocks  between  the  main  chain  and  the  sea.  Tliese 
were  found  not  only  to  differ  in  composition  from  the  main  chain 
granite,  but  to  differ  also  among  themselves,  so  that  no  two  of  them 
were  exactly  alike.  Among  nine  sjHicimens  analysed  from  as  many 
different  localities,  the  per  centage  of  silica  varied  from  66.6  to  80.24, 
that  of  alumina  from  11.24  to  18,  while  in  the  majority  of  them  the 
per  centages  of  soda  aixd  lime  were  greater,  and  s<mietime8  considerably 
greater,  than  those  of  potash.  It  is  Ixilieved  that  these  irregular  differ- 
ences resulted  from  the  differences  in  the  comjx>sition  of  the  i>articular 
aqueous  rocks  with  which  the  granitic  masses  came  in  contact.  A por- 
tion of  these  rocks  is  supposed  to  have  been  absorbed  and  melted  down 
into  the  granite. 

In  one  of  these  detached  bosses — that  of  the  hill  knowTi  as  Croa- 
chan  Rinshela — a specimen  taken  from  the  head  of  a valley  as  deep 
into  the  granitic  mass  as  we  could  reach,  shewed  a comixosition  re- 
sembling that  of  the  main  chain,  while  another  specimen  from  the 
summit  of  the  hill  nearer  the  original  slaty  envelope  of  the  granitic 
mass,  deviated  greatly  from  it  in  composition  (Trans.  R.  I.  A.,  vol.  xxiii,, 
p.  608,  etc.),  and  contained  chlorite  instead  of  mica. 

According  to  Durocher  the  following  is  the  mean  composition  of 
granite  — 


Sjxccific  Gravity,  maximum  2.73,  minimum  2.60,  mean  2.66. 


Maximum. 

Minimum. 

Mean. 

Silica 

78.0 

66 

72.8 

Alumina 

18.0 

11 

15.3 

Potash 

9.0 

4 

6.4 

Soda  .... 

2.5 

0 

1.4 

Lime  .... 

1.5 

0 

0.7 

Magnesia  ... 

2.0 

0 

0.9 

Oxides  of  iron  and ) 
manganese  . ) 

2.5 

05 

1.7 

Loss  by  ignition  . 

S 

1.5 

0 

0.8 

100.0 
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Comparin'.;  Profe.s.s<jr  Hau^^htun’s  mean  of  the  Leinster  granite  witli 
tlii.s  more  general  average,  we  leiirn  tliat  the  granite  of  the  south-east 
of  Irehuid  contains  a rather  larger  j)roportion  of  sestjuioxide  of  ir<m 
n;plac'ing  alumina,  and  of  S'kUi  and  lime  I’eplacing  poUish,  than  gnmites 
u.sually  contain  ; the  mean  quantity  of  irtm  in  tlie  Irish  granite  being 
nearly  as  great  as  DuT(K;her’s  maximum,  and  the  mean  quantitie.s  of 
s(Hla  and  lime  being  even  greater  than  his  maxima, 

'riiis  is  probably  the  rejison  why  the  main  granite  of  the  south-east 
of  Irehuid  is  so  much  less  dunible  its  a buihling  stone  than  granite  gene- 
rally is. 

44.  in  its  true  form,  i.s  a granitic  rock.  It  is  named  from 

the  city  of  Syene,  in  Egypt,  where  it  is  formed  of  a crystalline  aggivgato 
of  the  four  minerals  feldspar,  hornblende,  mica,  and  ipiartz  ; the  mica 
being  in  small  and  uncertain  quantity.  We  have  already,  however, 
had  occasion  to  remark,  that  syenite  may  be  fonued  from  either  felstone 
or  grcenstone,  and  we  may  look  upon  it  then'fore  either  as  a local 
variety  of  granite,  or  »as  a ]»assage  or  transition  iiK'k  between  granite 
and  thb  tmjKs. 

True  syenite,  therefore,  ditfers  from  gmnite  solely  in  the  fact  of  its 
containing  hornblende  instead  of  mica,  and  may  be  described  as  a 
crystalline  gninular  aggivgate  of  feldspvr,  hornblende,  and  quartz ; the 
fehlspar  being  generally  re<l,  and  the  rock  mottleil  iv<l  and  dark  gi'ce.n, 
from  the  occurrence  of  hornblende.  Some  syeiiite.s,  however,  may  have 
white  feldspar. 

Naumann,*  Senft,  Cotta,  and  other  continental  geologists,  give  a 
lather  different  definition  of  syenite.  They  say  it  consists  essentially  of 
a mixture  of  oilhoclase  ami  hornblende,  to  which  oligocla.se,  quartz,  ami 
mica  are  occasionally  added.  Acconling  to  this  definition,  syenite 
would  differ  from  diorite  solely  in  the  difference  in  the  feldspathic 
ingrtidient,  diorite  being  a mixture  of  albite  (or  oligoclase)  and  horn- 
blende, to  which  quartz  and  mica  may  also  be  a<lded.  Tliis  diflerciKM* 
would  hardly  apjiear  sufficient  to  constitute  a valid  distinction,  and 
there  i.s,  moreover,  thi.s  objection  to  it,  that  it  is  utterly  unpractical. 
No  distinctions  between  rocks  are  worthv  of  much  notice  that  cannot 

V 

be  applied  in  the  field,  and  it  would  be  often  ([uite  impossible  for  any 
one  to  detennine  whether  the  feld-spathic  ingredient  of  a fine-gmincl 
rock  were  orthochuse  or  albite,  by  examination  with  the  knife  and  the 
lens  onlv. 

It  .seems  better,  therefore,  on  all  accounts  to  fall  back  on  the  old 
definition  of  syenite,  which  makes  it  a hornblendic  granite  instead  of  a 

• Nauinanu,  however,  iuchides  .syenite  in  his  " Faniilin  <le«  Granites,”  ainl  not  in  liis 
oUht  " Fninilies  ” of  rocks. 
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micaceous  one,  the  presence  of  crystalline  particles  of  tpiartz  being  an 
essential  characteristic. 

This  rock  is  i)rol^ably  the  one  called  by  Durocher  syenitic  granite, 
of  which  he  gives  the  following  analysis. 


Specific  gravity,  maximum  2.75,  minimum  2.63,  mean  2.68. 


Maximum. 

. 

Minimum. 

Mean. 

Silica .... 

72.0 

64 

69.0 

Alumina 

17.0 

12 

1 5.0  i 

Pota.sh 

6.0. 

3 

4.2 

Scxla  .... 

3.5 

1 

2.8 

Lime  .... 

4.0 

1 

2.2 

Magnesia 

4.0 

2 

2.6 

Oxides  of  iron  ami  ) 

5.0 

2 

3.2 

manganese  j 

Los.s  by  ignition  . 

1.5 

0 

1.0 

lOO.O 

It  h»,  however,  c^uite  po.ssible  that  some  rocks,  the  main  ma.s.«  of 
wliich  is  a gi'eeustone,  may  in  some  places  begin  to  shew  quartz,  and 
tlius  pass  into  a syenite  ; tlie  term  Syeuitic  Green.stone,  therefom,  may 
often  be  a proper  one. 

Tlie  Zircon  Syenite  of  Norway  and  Sweden  is  a remarkable  variety 
of  the  rock. 

46.  Eurite  is  a tenn  apjdied  by  Deless<^  and  some  others  to  a fine- 
grained crystalline  aggregate  of  quartz  and  feldsj)ur,  where  tlie  mica 
eitlier  absent  or  occui-s  in  such  minute  flakes  as  to  be  invisible. 

It  generally  occurs  as  veins  or  iis  local  masse.s  in  other  granites,  and 
rarely,  I believe,  as  veins  traversing  other  rocks  at  a distance  from 
granite.  Tliese,  therefore,  are  probably  veins  of  segregation  or  of 
injection  during  consolidation,  and  not  of  long  sub.sequent  fonnation. 

Naimiann  ami  Stmft,  however,  use  the  tenii  piu'tly  for  a granular 
felstone,  and  partly  for  a schistose  variety  of  gneiss. 

Protogiue, — This  name  has  been  applied  to  a rock  said  to  l>e  a 
granite,  in  wliich  talc  took  the  place  of  miau  It  was  so  called  becausi- 
it  was  HUppo.sed  to  be  the  jirst  formed  granite.  The  .sjiecimenH  of  it 
which  I have  seen,  appearetl  to  me  to  be  metimiorjihic  rocks  and  no 
true  granite,  and  the  descriptions  given  by  Kaumann  ami  Senft  confirm 
this  opinion. 

Profe.ssor  Haiighton  infonns  me,  tliat  in  all  the  specimens  (*f 
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protogine  from  the  Alps  which  he  has  examined,  the  dark  green  mineral 
was  not  talc,  hut  dull  mica  or  chlorite,  or  some  kindred  mineral.  I 
can  e(pially  affinn,  tliat  all  the  rocks  that  I saw  in  a traverse  across  the 
Alps  in  1860,  which  could  be  classed  under  the  head  of  protogine, 
were  not  granites,  but  only  beds  of  granitoid  rock  iiiterstratified  with 
other  highly  metamorphosed  beds. 

Some  granite  seems  to  contain  chlorite  instead  of  mica,  but  as  far 
a.*j  my  own  experience  goes,  it  is  only  found  on  the  upper  or  outer 
margin  of  the  smaller  masses  or  intrusive  bosses  of  gnuiite. 

The  same  obser\^ation  may  be  applied  to  the  vary  schorlaceous 
granite  of  Devon  and  Cornwall,  though  schorl  undoubtedly  occurs  in 
small  detached  quantities  deep  in  some  gianites. 

47.  Mmette  is  a name  for  a fine-grained  rock,  consisting  principally 
of  mica,  but  not  ha^'ing  a schistose  texture  like  mica  schist. 

48.  Pegmatite  is  a crj'stalline  aggregate  of  quartz  and  feldspar,  in 
which  the  cr}-stals  are  arranged  as  if  with  a design  to  pro<luce  a certain 
]>attem,  more  or  less  resembling  letters  or  characters  (fi-om  the  Gieek 
word  “ pegma,”  a coagulation).  It  is  sometimes  called  Graphic  granite. 

49.  Oranulite  is  a similar  conqK)sition,  in  which  the  quartz  occurs 
in  thin  flakes,  so  as  to  give  a schistose  texture  to  the  ma.ss,  and  is  pro- 
bably rather  a variety  of  gneiss  than  of  granite. 

50.  Elvan  or  Klvanite. — Elvan  is  a Cornish  tenn  for  a crystalline 
granular  mixture  of  quartz  and  feldspar,  fonning  veins  that  are  either 
seen  to  procee<l  from  gmnite  or  occur  in  its  neighbourhood,  and  may 
thus  be  readily  suppased  to  proceed  from  it. 

It  has  three  varieties  : — 

{a)  An  equably  crystalline  mixture  of  (piartz  and  feldspar,  generally 
fine  grained.  Tliis  may  either  be  considered  as  a granite  destitute  of 
mica,  or  as  a granular  felstonc. 

(6.)  A compact  felstone  base  with  dispersed  crystals,  or  crystalline 
particles  of  quartz,  sometimes  angular,  sometimes  rounded,  and  amyg- 
(laloidal.  This  may  be  considered  as  a qiurtziferous  felstone  pc^rphyry. 

(c.)  A ciy'stalline  granular  base  of  (piartz  and  feldspar,  wuth  dis- 
jicrsed  crystals  of  either  quartz  or  feldspar. 

The  feldspathic  portion  of  these  rocks  is  often  earthy,  probably 
from  decomposition. 

I would  propose  Elvanite  as  a good  euphonious  term,  and  as  being 
less  cumbersome  than  the  term  of  Quartziferous  Porphyiy^  for  those 
combinations  of  quartz  and  feldspar  which  difler  in  texture  from  Eiirite, 
or  Pegmatite. 

Ilallef  inta  and  Aplite  are  names  given  by  Naumann  for  rocks  of 
similar  character  to  elvans,  or  perhaps,  especially  the  first,  to  Felstones. 

Mioikite  is  a coarse-giained  mixture  of  white  orthoclase,  grayish 
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or  yellowish  white  eheolite  (or  nepheline,  allied  to  scapolite)  and  black 
mica,  the  elseolite  sometimes  giving  place  to  hornblende,  arid  albite  and 
quartz  appearing  in  the  rock.  It  belongs  rather  to  the  traps  than  the 
granites. 

Giieiss  distmgaiahed  from  Oranite. — In  almost  all  books  treating  of 
rocks,  and  especially  in  all  the  contuiental  works,  it  is  usual  to  find  gneiss 
mentioned  in  the  same  group  with  granite.  I do  not  presume  to  deny 
the  existence  of  gneissose  granite,  since  I cannot  say  that  the  minerals 
forming  granite  may  not  in  some  cases  armnge  themselves  w'ith  a certain 
degree  of  parallelism,  and  thus  produce  an  appearance  of  lainuiation  and 
a schistose  structure  in  the  mass.  The  only  instance  I have  myself  niet 
with  of  such  an  occurrence,  is  at  the  side  of  a granite  vein  at  Dalkey, 
near  Dublin,  where,  however,  it  is  only  apparent  for  a few  yartls  in 
length,  and  two  or  three  feet  in  width.  It  is  caused  there  by  tlie 
parallel  arrangement  of  the  mica  plates,  and  only  becomes  obvious 
when  seen  in  situ^  and  it  can  be  contrasted  with  the  other  part  of  the 
vein  in  w'hicli  the  plates  are  variously  disposed.  In  detached  blocks 
even  of  a foot  in  diameter,  nobody  would  obser\'e  the  arrangement,  iu»r 
would  any  one  think  of  calling  the  !rock  gneiss. 

I have  examined  gneiss  and  granite  together  in  different  jmrt.'j  of 
the  British  Islands,  in  Central  France,  in  Australia,  and  over  large  bme 
tracts  of  it  excellently  exposed  in  Newfoundland,  and  never  found  any 
.difficulty  in  instsmtly  perceiving  the  distinction  between  gneiss  and 
granite,  even  where  the  gneiss  was  most  granitic  in  composition,  and 
w’here  its  beds  were  penetrated  in  all  directions  by  veins  of  granite. 

In  the  masses  of  granitoid  rocks  in  the  Alps  the  minerals  are  so 
confusedly  crystallized,  that  hand  specimens  or  even  blocks,  or  in  wine 
instances  large  cliff  surfaces  might  be  considered  as  fairly  entitled  to 
the  name  of  granite.  When  examined  on  a still  larger  scale,  however, 
the  “ behaviour  ” of  the  rock,  or  its  relation  to  the  siurounding  masse.«, 
shews  it  not  to  be  an  intrusive  igneous  rock,  but  a bedded  or  stratified 
one,  so  highly  altered  as  to  have  a.ssumed  a granitic  texture  in  situ^  and 
thus  to  be  in  fact  lithologic-ally  a granite,  wdiite  petrologically  it  is  only 
an  extreme  fonn  of  gneiss. 

Absence  of  Ashes. — As  the  granite  rocks  are  all  hypogenous  or 
nether-fomied,  that  is,  have  all  been  consolidated  before  reaching  the 
surface  of  the  earth,  they  are  necessarily  devoid  of  “ ash,”  or  of  any 
mechanically  derived  accomimniinents  whatever. 

Proportion  of  Silica. — It  has  been  remarked  above,  that  the  relative 
quantity  of  silica  had  a marked  effect  upon  the  nature  of  the  rock  ; that 
among  the  lavas  quartz  only  ajipeaml  in  these  trachyte  porphyries 
which  were  begimiing  to  resemble  granite ; and  that  among  the  traj)s 
it  only  appeared  among  those  feldspar  porphyries,  which  were  closely 
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allied  to,  and  passing  into,  gmnite,  while  from  the  true  granites  it  is 
never  absent.  It  ha.s  been  attempted  from  lliis  to  ])rove  that  the  moi*e 
siliceous  an  igneous  rock  was,  tlie  more  ancient  it  must  be.  Even 
Abich  says  that  we  may,  j)erliaps,  thus  deduce  a scale  for  the  liLstoiy'  of 
the  formation  of  the  earth — those  rocks  whi<‘h  contain,  its  essential 
constituents,  “trisilicates”*  of  both  their  protoxide  and  peroxide  base^s 
being  “ j)nmitive,”  while  those  which  contiiin  (juartz  are  called  “ primi- 
tive plutonic,”  and  tho.se  without  (piailz,  “ primitive  volcanic.” 

M.  Riviere  also  suj^poses  orthoclase  to  be  confined  to  the  older, 
labmdorite  to  the  more  recent  rr)cks.  Tlie  other  bases,  too,  as  magne.sia 
and  lime,  have  l^een  sui)posi*d  to  chanicterize  newer  r»»cks  tlian  those  of 
soda  and  potash,  and  soda  itself  to  be  newer  tlian  lajtiU'h. 

I would  venture  to  sugge.st  that  these  minemh)gical  differences 
ilepend  ui)ou  space  or  locality  rather  tlian  upon  time ; that  the  propor- 
tionate (puintity  of  silica  is  referable  to  the  depth  at  which  an  igneous 
rock  has  been  cooled  or  consolidated,  or  to  the  nature  of  those  it  pene- 
trated, rather  than  to  the  time  at  which  it  was' formed.  At  great  depths 
in  the  earth,  pure  silica  it.self  may  possibly  be  fusedt  by  the  intense  heat 
there  to  be  met  with,  and  the  most  refractory  silicates  may  be  ecpially 
molten  at  a somewhat  less  depth,  and  consolidate  or  crystallize  t>u 
becoming  cooler  a little  higher,  while  those  portions  of  molten  matter 
containing  a greater  quantity  or  variety  of  bases  which  act  as  moiv 
]>erfect  fluxes,  may  l»e  kejit  flui<l  till  they  reach  the  surface,  and  .thus 
consolidate  only  in  the  air  or  in  the  water. 

Whether  the  more  siliceous  and  the  more  ba.sic  rocks  once  formed 
jHirt  of  a dee])-seated  homogeneous  molten  mass,  and  uere  merely 
sei>a rated  from  each  other  in  their  upwanl  passage  towards  the  surfact*, 
so  that  the  more  siliceous  were  first  arreste<l  and  consolidated  while  the 
more  l>a.sic  proceeded  ; or  whether,  the  whole  mass  being  originally 
highly  siliceous,  a lai-ger  and  larger  proportion  of  the  bases  was  ac<piired 
during  the  pjussage  of  the  molten  rock  through  the  liigher  part  of  the 
earth’s  criLst,  and  thus  the  quantity  of  “ flux  ” mcrcfused  in  piuportion 
as  the  heat  and  pressure  diminished,  may  be  matter  for  speculation. 
We  will  not  now  .stop  to  consider  it  farther,  than  to  warn  the  student 
not  to  take  it  for  granpMl  that  the  minendogical  and  lithological  corn- 
po.sition  or  structure  of  any  rock  whatever  has  any  necessiiry  ami  deter- 
minate 1-elation  to  its  geological  age.  Gmnite  might  become  solid  at  a 
temperature  that  would  keej)  felstone  and  trachyte  still  Huid  ; and  these 
might  .st)lidify  at  temperatures  which  would  keep  molten  all  greenstones, 

* That  is  acconling  to  the  ordinarily  used  chcmicnl  nomenclature.  See  ante,  p.  20. 

1 It  is  stated  by  Sir  J.  Ilerschel  (Outlines  of  Astronomy,  6th  Ed.,  Chap.  XI.,  .\i*t.  592^ 
th.it  Parker’s  grent  lens  concentrated  the  sun's  heat  to  a sufllcient  extent  to  melt  canielian, 
agate,  and  rock  crystal. 
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EiUiiilt*:,  and  dolerites,  so  that  from  tl«e  very  same  stream  of  igneous 
matter  proceetling  from  the  interitn-  to  the  surface  of  the  earth,  the 
more  remlily  fusible  portions  might  be  successively  stiueezed  out,  as  it 
were,  as  the  infusible  ones  solidified  and  contmcted  in  con.se<[iience  of 
tliat  solidifiaition  * Tliis  action  might  bike  place  in  spite  of  the  greater 
specific  gravity  of  the  more  fusible  minemls,  since  the  difference  in  the 
specific  gravities  would  probably  be  small  compare<l  with  the  ]>ower 
of  the  eruptive  force. 

Trnjjs  find  (Jranites  the  Roots  of  Volcanots. — It  is  true,  indeed,  tliat 
actual  subaerial  volcanoes,  with  cones,  and  craters,  and  coulees^  or 
streams  of  lava,  are  only  known  as  recent  geohjgical  phenomena  — as 
either  now  active  or  as  having  been  so  during  a ivcent  geological  ])eri«Kl. 
Hut  we  shall  see  hereafter  reason  to  believe  that  the  pivservation  of  any 
volcanic  cones  Ijelonging  to  the  more  ancient  ]H*ri(Kls  was  not  to  be 
expected.  The  paits  ])resen’e«l  from  destruction  and  deniulation  are 
the  more  deeply-seated  ]K)rtions  only,  the  as  it  were,  of  tlie  vol- 

cano, the  very  parts  which  we  ainnot  see  while  the  volcano  is  active 
or  entire,  but  which  we  do  see  in  some  (such  as  those  of  the  Mont 
Dor)  that  are  half  mined,  and  we.  then  find  these  old  lava  roots  to 
be  essentially  the  sjime  a.s  the  traps ; and  we  have  already  seen  that 
deejdy  formed  trap  is  not  to  be  stiparated  by  any  hard  line  from 
granite.  If,  therefore,  we  could  follow  any  actual  lava  stream  to  its 
source  in  the  boAvels  of  tlie  earth,  we  should,  in  all  probability,  l>e 
able  to  mark  in  its  coui-se  ei'ery  gradation,  from  cimler  or  juimice 
to  actual  granite. 

(Jranite  passing  into  Trap. — Not  only  do  volcanic  districts  shew  trap- 
like or  granitoid  mcks  near  their  roots,  but  many  granitic  di.stricls 
exhibit  pjissages  or  tmnsitions  from  granites  into  trappean  ro(“ks.  Citses 
have  been  formerly  described  by  Div.  M‘Culloch  ami  Hibbert,  and  one 
very  interesting  one  hius  lately  been  traced  in  detail  by  Professor  Haugh- 
ton.  In  his  paper  on  the  granites  of  the  Mourne  Mounbiin  district  of  the 
nort.h-ea.st  of  Irelaml,  he  shews  that  neiir  (’arlingford  there  is  a gr.initic 
tract  about  five  miles  in  diameter,  of  which  Carlingfoixl  Hill  i.s  the 
mo.st  con.spicuous  feature. 

In  Slievenaglogh,  granite  romjH».sed  of 


* The  chfiiii.st  b rciuiiulcil  of  the  fact,  that  if  a mixture  »>f  luetais,  a.s,  for  insitance,  tin, 
bismuth,  ami  lead,  be  mHtvd,  they  will,  a.s  the  mixture  cools,  have  a tendency  to  solidify- 
and  crj'stallize  seiwrately  as  the  temperature  of  the  mas.s  reaches  tlieir  respective  melting 
IKtints.  Tills  constitutes  a great  ilifflculty  in  large  bronze  eastings. 
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passes  into  a granitic  syenite  composetl  of 

Quartz  . . . . 17.16 

Feldspar  . . . . 67.18 

Honiblende  . . . 15.40 


99.74 

At  Gmnge  Nish  the  latter  vaiiety  penetrates  the  lower  beils  of  the 
Carboniferous  limestone,  and  wliile  the  limestone  is  converted  into  a 
sugary  marble  containing  garnets,  the  granitic  syenite  is  converted  into 
a greenstone  coinj^osed  of 

Anorthite  ....  85.84 

Hornblende  . . . 14.16 


100,00 

This  greenstone  * passes  on  the  siunmit  of  Carlingford  Mounhiin 
into  a hornblende  rock. 

Here  we  see  that  the  granitic  syenite  containing  a trisilicated  feld- 
spar and  an  oveqdus  of  silica,  wa.s,  by  absorbing  a ([uantity  of  lime 
while  in  a state  of  fusion,  made  into  a rock  containing  a bisilicated 
feldspar  only,  all  the  silica  being  used  up  in  the  compoimd,  and  the 
([uartz  accordingly  di.sappearing.  Tlie  lime  feldspar  anorthite  had 
hitherto  been  supposed  to  occur  only  in  volcanic  rocks. — (Geol.  Journal^ 
London,  vol.  xii.,  1856.) 

Mr.  Sorhifs  Observations  on  Granite. — Mr.  Sorby  published  in  the 
Geological  Journal  {rol.  xiv.,]).  453,  etc)  a very  interesting  paper  on 
the  Microscopical  Structure  of  Crystals,  in  which  he  shews  that  it  is 
possible  to  arrive  at  some  remarkable  conclusions  as  to  the  temperature 
and  depth  at  which  the  crystalline  particles  of  granite  and  other  igneous 
rocks  were  fonnwl. 

Crystals  formed  from  warm  fluid  solutions,  are  often  full  of  aivities 
which  contain  some  of  the  fluid  in  which  thev  were  foniied.  If  these 
cAvities  are  not  completely  filled  with  the  fluid,  the  vacuity  may  be 
taken  as  a measure  of  the  shrinking  of  the  fluid  during  cooling,  and 
we  may  then  calculate  the  amount  of  heat  requisite  to  c.Kpand  the  con- 
tained fluid  so  as  to  completely  fill  the  Cimty,  and  thus  arrive  at  a 
knowledge  of  the  temperature  of  the  fluid  at  the  time  the  crj’stal  wa.s 
fonned. 

But  crystals  formed  in  fiuids  by  f usion  are  also  full  of  cavities  which 

■ * Professor  Ilntiglit«)n  tenns  this  a syenite,  considering  the  other  rocks  n.s  different 
varieties  of  granite.  I have,  in  aecortlance  with  the  nomenclature  prc\ioiisly  .adopted, 
termed  the  homblendic  granite  a syenite,  and  considered  the  rock  a.s  Incoming  a greenstone 
or  dioritc  when  it  lose.s  its  quartz. 
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contain  some  of  the  fused  matter  now  become  solid  stone,  tof^ether  with 
vacuities,  the  relative  size  of  which  enables  us  to  calculate  the  amount 
of  heat  requisite  to  melt  and  expand  the  contained  stone  or  glass  so  as 
to  fill  up  the  w'hole  cavity. 

The  effect  of  pressure  has  of  course  to  be  taken  into  account  ; tlie 
greater  the  pressure  the  greater  wuuld  be  the  temj>erature  of  consoliila- 
tion  requisite  for  the  production  of  cavities  and  vacuities  in  tlie  crystals, 
so  that  the  relative  sizes  of  these  when  the  |K»ssible  temjwratures  of 
consolidation  are  taken  into  account,  gives  us  an  idea  of  the  pn*ssiir<* 
and  jx>ssible  depth  under  which  the  rock  was  consolidated. 

Mr.  Sorby  applies  these  princijdes  to  the  examination  of  many 
igneous  rock.s,  lava«,  traps,  and  granites,  and  j)roves  from  them  the 
igneous  origin  of  all,  witli  this  rt^markable  result,  that  the  fluidity  <*f 
the  more  superficial  lavas  and  traps  was  a more  purely  igneous  f>ne 
than  that  of  the  deeper  seated  traps  an<l  granites.  Tlie  blocks  ejecte<l 
from  Vesuvius  during  eni]>tion  contain  water,  while  the  lavas  do  not  ; 
and  the  crystals  of  the  Cornish  elvans,  and  the  Cornish  and  Scotch 
granites  contain  both  fluid  and  strmc  carries,  proving  the  presence  of 
water,  and  perhaps  also  of  gas,  as  well  as  the  existence  of  great  heat. 
Mr.  Sorby  says — 

“ On  the  whole,  then,  the  microscopical  structure  of  the  constituent 
minerals  of  granite  is  in  every’  respect  analogous  to  that  of  those  fonned 
at  great  depths,  and  ejected  from  ino<leni  volcanoes,  or  that  of  the 
quartz  in  the  trachyte  of  Ponza,  as  though  gi-anite  hml  been  fonncsl 
imder  similar  physical  conditions,  combining  at  once  Ixith  igneous 
fusion,  aqueous  solution,  and  gaseous  sublimation.  Tlie  proof  of  the 
operation  of  water  is  quite  as  strong  as  of  that  of  heat.”  He  says  that 
in  some  coarse  granites  it  is  impossible  to  draw  a line  between  them 
and  veiiLS  in  which  crj’stals  of  feldspar,  mica,  and  quartz,  seem  to  have 
been  formed  from  solutions  without  any  actual  fusion. 

It  is  probable  that  traps  and  lavas  which  proceeded  from  this  groat 
internal  cauldron  towards,  or  on  to,  the  surface,  would  lose  their  gaseous 
and  w'atery  constituents  by  evaporation. 

Mr.  Sfirby  arrives  at  the  conclusion,  that  if  granite  and  elvan  finally 
consolidated  at  a temperature  not  exceeding  about  608 F.,  the  elvans 
of  Cornwall  must  have  been  fomieil  under  a pressure  equal  to  tliat 
which  would  have  lieen  exerted  by  a thickness  of  about  40,000  feet  of 
rock,  those  of  the  Higlilan<ls  of  Scotland  one  of  69,000.  His  calcula- 
tions unite  in  giring  these  conclusions  ; — 

The  granites  of  the  Higlilaiuls  indicate  a pressure  of  26,000  feet 
more  than  those  of  Cornwall.  • 

The  elvans  of  the  Highlands,  one  of  28,700  feet  more  than  those  of 
ComwaU. 
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The  meUimorphic  rocks  of  the  Higlilamls,  one  of  23,700  feet  more 
than  those  of  Cornwall. 

If  the  teinj)erature  of  consolidation  was  liigher,  the  pressures  must 
have  been  greater. 

It  is  not  intended  in  his  conclusions  to  point  out  the  ahsolute  depths 
at  which  the  rocks  consolidated,  since  the  pressure  they  were  subjected 
to  would  arise  in  part  from  the  imiHilling  force  acting  from  below 
against  the  superincumbent  mass. 

Contraction  of  Jt/neous  Rocks  on  cooliny, — Bisclujf  has  made  some 
imj)ortant  observ’ations  on  the  contraction  of  igneous  r<jcks  as  they  jmss 
from  a fluid  or  glassy  state  to  a consolidated  condition. — [!)' Archinc^ 
vol.  iii.  p.  .598). 


He  experimented 

on  bjtsidt,  trachyte,  and 

granite,  and  got 

following  results  : — 

Volume  in  the  .state  of  Ghuss. 

In  crystalline  stale. 

Ikbsalt 

1 

0.9298 

Trachxde 

1 

0.9214 

Granite  . 

1 

0.8420 

In  the  Fluid  state. 

In  crystalline  state. 

Iiitsalt 

1 

0.896 

ITachyte 

. . 1 

0.8187 

Granite  . 

1 

0.7481 

From  this  it  woidd  a])j)ear  that  granite  contracts  25  per  cent,  or  a 
quarter  of  its  volume,  in  passing  from  a fluid  to  a ciyslalline  state, 
and  16  per  cent  in  passing  from  a glassy  to  a crystalline  state.  These 
ellects  must  have  had  a gi'eat  importance  “ when  the  ])rimaiy  gi'iinites 
were  first  cooling,”  says  M.  D’Archiac  ; but  their  importance  seems  t(j 
me  .still  greater  to  geolognsts  who  are  e.xjunining  the  bi-oken  and  con- 
torted rocks  on  the  flanks  of  existing  grjinite  chains,*  and  the  phenomena 
of  intrusion  which  we  shall  hereafter  meet  with  in  such  situations. 

M.  Deville  and  M.  Deles.se  arrive  at  results  rather  dillerent  from 
Bischofs,  and  the  latter  gives  the  following  table  as  comprising  the 
limits  within  which  the  sevend  rocks  mentioned  contnict  on  ]tassing 
from  a fluid  to  a .solid  state. 

Granite,  leptynites,  (piartziferous  porphyries,  etc.  9 to  10  per  cent. 
Syenitic  gi-aiiite,  and  .syenite  . . . . 8 to  9 ,, 

Porphyry,  red,  brown,  or  gi-cen,  with  or  without 

quartz,  having  a base  of  orthose,  oligoclase,  • 
or  andesite  . . . , . . 8 10  „ 

• 

* I wouW  just  wttni,tlie  student  here,  that  though  there  may  have  been  such  a rock  as 
primitive  granite,  none  of  the  granites  now  known  at  fiie  surface  can  be  .shewn  to  luive  an 
antiquity  so  great  ns  that  of  some  of  the  aqueous  rocks  witli  which  they  are  associated. 
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Diorites  and  poq)h}Titic  diorite.s  (greenstones) 
Melapliyres  ..... 

Bo.salts  and  trachytes  (old  volcanic  rocks)  . 
L;ivas  (volcanic  and  vitreous  rocks)  . 


6 to  8 per  cent. 


5 to  7 
3 to  5 
0 to  4 


yy 


M.  Delesse  sums  up  his  results  as  follows  ; — 

“ When  rocks  j)uss  from  a crystalline  to  a glassy  state,  they  .suffer  a 
diminution  of  density  which,  all  things  l)eing  e(pial,  aj)j)cars  to  be 
greater  in  proportion  to  the  quantity  of  silica  andjalcali,  and,  on  the 
contrary,  less  in  proportion  to  that  of  iron,  lime,  and  alumina  which 
they  contain.  In  aiTanging  the  rocks  in  the  onler  of  their  diminution 
of  density,  those  which  we  regartl  as  the  more  ancient  are  geneiully 
among  the  while  the  more  modern  are  the  latter;  and  in  each  case 
their  onler  of  diminution  of  density  is  almost  exactly  the  inverse  of 
their  onler  of  fusibility.” 

On  this  I would  remark  as  before,  that  for  “ancient”  and  “ modem” 
might  be  sub.stituted  “<leeply  formed”  and  “superficially  fonned  the 
most  infusible  and  the  most  contractible  rocks  being  those  producc*d  at 
the  greatest  depth  and  under  the  gieatest  pi'essure,  while  the  highly 
fusible  comiX)unds  e.scape  to  the  surface,  and  suffer  little  contraction  on 
solidification. 

M.  D’Archiac  remarks  that  if  granite  contracts  on  cooling  only  10 
per  cent,  and  that  there  be  a thickness  of  40,000  metres  of  it  in  the 
crust  of  the  globe,  crystallization  alone  would  diminish  the  terre.strial 
radius  at  least  1430  metres,  and  conscfpiently  alter  the  form  and 
rapidity  of  r(»tation  of  the  earth.  Such  sjKJculations  ara  practically 
useful  only  in  a negative  s<in.se,  as  .shewing  the  great  improbability  of 
anything  like  a shell  of  40,000  metres  having  cooled  and  con.solidated 
at  once  in  the  crust  of  the  earth  during  any  of  the  known  geological 
eix)chs. 
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CHAPTER  V. 


AQUEOUS  ROCKS — MECHANICALLY  FORMED. 

\Vk  are  compelled  to  look  upon  the  igneous  rocks  as  original  produc- 
tions. We  can  only  sj)eculate,  and  that  very  vaguely,  on  what  was  the 
i*<mdition  of  their  materials  previously  to  their  being  placed,  in  a molten 
state,  in  the  positions  where  they  subsequently  consolidated. 

In  our  examination  of  the  aqueous  rocks,  however,  we  can  go  a 
step  farther  back,  and  leani,  either  accurately  or  approximately,  whence 
the  materials  comjxfsing  them  were  derived,  and  what  was  their  previous 
condition.  Tliis  is  true  of  nil  aqueous  rocks,  whether  chemically,  organi- 
callv,  or  mechanicallv  formed. 

We  vill  examine  the  mechanically  formed  rocks  first. 


Preliminary  Remarks  on  the  Origin  of  Mechanically  Formed 

Aqueous  Rocks. 

Tlie  instrumeuts  u.schI  by  nature  in  the  production  of  these  rock.s 
an*,  moving  water,  whether  fluid  or  solid  (ice),  and  moving  air. 

The  Sea. — Hie  sea  is  )>robal)ly  never  and  nowhere  stagnant.  Cur- 
rents, mo^^ng  with  greater  or  le.ss  raj)idity,  keep  the  whole  mass  in 
circulation  ; so  that  we  may  look  upon  the  ocean,  through  all  its  depths, 
and  in  all  its  gulfs,  bays,  and  recesses,  as  one  great  slowly  moving 
whirlpool.* 

It  is  probable,  however,  that  no  currents  produce  any  marked  or 
appreciable  effects  upon  solid  rock  at  great  depths  of  water.  Tlie 
mechanical  powers  of  the  sea  are  principally  brought  into  action  by  the 
motion  of  its  surface  along  the  shores  of  all  lands,  and  in  its  narrower 
and  shallower  channels.  Sea-breakei-s  along  beaches,  and  at  the  foot  of 
cliffs,  act  like  ever-moving  jaws  constintly  gnawing  at  the  land.  Tlie 
ciiTTents  caused  by  the  ebb  and  flow  of  the  tides  along  shallow  shores 
remo\'c  some  of  the  eroded  materials  ; the  great  oceanic  currents  of 

• P<-c  Maury’s  Physical  Geography  of  the  Sea,  and  Johnstone’s  Pliysienl  Atlas,  etc.  It 
i.s  of  course  unlikely  that  there  should  In;  strong  currents  at  great  depths,  and  yet  It  appears 
unlikely  that  any  depth  should  be  utterly  stagnant,  and  not  affected  by  any  motion,  either 
lateral  or  vertical. 
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circulation,  where  they  strike  upon  coasts,  carry  off  others,  and  trans- 
port all,  either  mediately  or  immediately,  to  greater  distances. 

Sometimes  the  breakers,  after  exerting  a certain  amount  of  destruc- 
tive action,  seem  to  raise  a rampart  against  themselves  out  of  the  very 
ruins  they  have  caused,  by  the  fall  of  the  blocks  and  masses  they  have 
undermined  ; but  the  materials  thus  accumulated  are  often  themselves 
then  attacked,  and  ultimately  removed,  and  the  coast  laid  bare  for  new 
undermining  action.  Great  accumulations  of  pebble  beaches  are  common 
along  many  coasts,  and  seem  to  remain  stationary,  since  there  are  always 
piles  of  pebbles  to  be  found  in  the  same  places.  If,  however,  these  are 
watched,  the  accumulations  will  often  l>e  found  to  consist  of  different 
pebbles  from  day  to  day,  each  pebble  being  in  its  turn  washed  from  its 
place,  which  is  occupied  by  another  like  it.  The  great  Chesil  Bank, 
connecting  the  island  of  Portland  with  the  mainland,  and  sixteen  miles 
in  length,  is  a remarkable  example  of  such  an  accumulation  of  j^ebbles, 
the  pebbles  in  any  particular  part  of  it  being  all  much  of  the  same  size, 
but  each  one  travelling  gradually  onw^ards,  and  getting  smaller  aiul 
smaller  os  it  proceeds. 

Sometimes  waves  and  currents  bring  and  deposit  materials  on  shores, 
and  thus  seem  to  produce  rather  than  to  destroy  ; but  those  matters 
have  been  themselves  acquired  by  the  destruction  of  land  at  other 
localities,  and  are  often  eventually  removed  again  by  a change  in  the 
direction  of  the  currents,  or  other  circumstances. 

Li  Bjjeaking  of  the  destructive  action  of  w'ater,  indeed,  we  must 
never  forget  that  by  destruction  we  do  not  mean  annihilatioUf  but  only 
re-arrangement.  Rock  forming  “ land,”  that  is,  rock  above  tlie  level  of 
the  sea,  is  destroyed  ; but  its  materials  are  carried  off  and  deposited, 
either  in  similar  or  in  different  combinations,  to  fonn  rock  below  the 
level  of  the  sea. 

Where  the  range  of  tide  is  considerable,  some  of  these  materials 
may  be  deposited,  and  form  rock  between  high  and  low- water  mark. 

"Where  the  heave  of  the  breakers  is  great,  some  of  them  may  be 
even  cast  up  to  a slight  distance  above  high-wuter  mark,  and  rock  may 
be  thus  produced. 

An  interesting  instance  of  the  formation  of  land  by  the  action  of 
the  sea  may  be  observed  along  the  coast  of  Wicklow',  between  Grey- 
stones  and  Wicklow  Harbour.  A great  bank  of  pebbles  has  been 
thrown  up  for  about  eight  or  nine  miles  in  front  of  the  old  shore,  and 
s^jmetimes  more  than  half  a mile  from  it.  In  some  places,  especially 
near  Wicklow,  a previous  sandbank  had  been  formed  as  that  called  the 
Murrough  of  Wicklow.  These  banks  cut  off  from  the  sea  a long  an<l 
narrow  salt-water  lagoon,  to  which  the  sea  retained  an  entrance  at  the 
gap  between  the  pebble  beach  and  the  hard  rocky  headland  at  the  town 
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of  Wicklow.  The  upper  part  of  tliis  salt  water  lagoon  is  now  con- 
veited  into  a marsh  by  the  confluent  deltas  of  the  brooks  coming  from 
Newtown  Mount  Kennedy,  the  waters  of  which  now  run  into  the  sea 
tlirough  the  pebble  beach.  The  lower  j)art  of  the  lagoon  is  in  like 
manner  Toeing  filled  up  by  the  deltas  of  the  Vartry  and  Kathnew  brooks, 
which  will  ultimately  break  through  the  pebble  beach,  opposite  their 
]>resent  mouths.  The  quantity  of  sea-water  entering  at  the  mouth 
of  the  harbour  is  annually  becoming  less,  in  consequence  of  the 
silting  up  01  the  upper  part  of  the  lagoon  ; and  the  mouth  of  the 
harbour,  which  is  about  two  miles  below  that  of  the  brooks,  is  therefore 
more  and  more  choaked  with  deposits  during  storms,  which  the  scour 
during  ebb  tide  is  less  and  less  able  to  remove.  The  whole  of  the 
Broa^l  Ijough,  as  it  is  called,  \\'ill  therefore  be  ultimately  converted  into 
dry,  or  at  least  into  marsh  land,  and  the  harbour  itself  obliterated,  unless 
artificial  means  be  adopted  to  keep  it  o]>en. 

For  instances  of  the  erosive  and  destructive  action  of  the  breakers, 
and  the  abrading  and  transporting  power  of  currents,  during  historic 
times,  we  must  refer  the  student  to  Sir  C.  Lyell’s  Principles  of 
(leology,  chapters  20,  21. 

Along  the  eastern  coasts  of  Scotland  and  England,  as  is  proved  by 
old  records,  land  existed  far  outside  the  present  shore,  the  sites  even  of 
impoitant  towms  of  the  twelfth  or  fifteenth  centuries  being  now  under 
the  sea.  Even  still  in  many  placea  whole  acres  are  annually  consumed, 
and  the  total  known  destruction  of  the  last  few  centuries  is  to  be 
measured  sometimes  even  by  miles.* 

All  Sea  Cliffs  forined  h/  Erosive  Action  of  Sea. — When  we  have  once 
become  aware  of  the  erosive  action  that  is  now  daily  going  on,  and  have 
learnt  to  observe  its  pre)gres8  and  the  marks  of  its  action,  we  are  soon 
irresistibly  led  to  the  conclusion  that  all  sea  cliffs,  crags,  and  pinnacles 
of  reck  have  been  produced  by  the  erosion  and  destruction  of  the 
formerly  more  widely  extended  land ; and  the  height  and  extent  of  the 
cliff,  together  with  the  hardness  and  dimibility  of  the  rock  composing 
it,  will  give  us  a means  of  estimating  the  power  of  this  action,  and  the 
time  consumed  in  it. 

The  estimate  thus  formed  Mill  never  exceed,  but  may  often  fall  far 
short  of  the  tnith,  inasmuch  as  the  ultimate  result  of  this  agency  is  to 
bur}’’  and  conceal  from  our  sight  the  monuments  of  its  action.  We 
may  feel  quite  sure  that  the  cliff  has  been  formed  in  consefjuence  of 
the  removal  of  the  rock  M’hich  once  fronted  it,  or  intervenetl  between 

* Wliile  walkinj;  on  the  cUflU  near  Barton,  In  liampsliire,  In  company  with  Sir  Charles 
Lyell,  in  tlio  spring  of  1856,  as  we  were  looking  down  njam  the  shattered  slojie  of  fragmen- 
tarj'  and  broken  masses  that  stretch  Ixdwccn  their  summit  and  the  beach,  we  were  a.ssured 
by  a farmer  of  the  neiglibourh<XMl  that  they  commonly  reckoned  their  average  loss  per 
annnm  at  a yard  of  land  all  along  the  coast. 
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it  ami  the  former  position  of  the  coast, — but  we  can  never  feel  assured 
how  much  land  has  been  thus  removed  since  the  present  partly  destroyed 
features  of  the  ground  may  have  once  been  protected  by  land  with 
different  features  of  its  own.  Land,  moreover,  such  as  any  island,  may 
at  last  be  completely  worn  away  and  destroyed;  all  that  was  once 
above  the  level  of  the  sea  being  carried  off  and  strewed  over  its  bed, 
leaving  to  us  no  visible  record  of  the  event. 

Inland  Precipices,  and  Mountain-jxisses  formed  also  hy  Erosive 
Action  of  Sea. — But  when  we  feel  ourselves  entitled  to  take  for  granted 
that  all  cliffs  at  the  foot  of  which  the  sea  is  now  beating,  have  been 
produced  by  the  erosive  action  of  its  waves,  it  only  requires  us  to  admit 
that  the  land  may  have  stood  fonuerly  at  lower  levels,  so  as  to  allow 
the  sea  to  flow  over  the  lower  parts  of  it,  for  us  to  see  the  probability 
that  all  inland  cliffs,  seal’s,  precipices,  valleys,  and  mountain  passes, 
may  have  been  produced  in  the  same  way. 

The  passes  leading  across  the  crests  of  great  mountain  chains  could 
have  been  produced  by  no  other  cause  than  by  the  eroding  action  of 
the  tides  and  currents  as  the  mountains  rose  through  the  sea ; what 
are  now  “ passes”  having  then  been  “ soimds”  or  straits  between  islands. 

The  idea  sometimes  entertained  that  these  gaps  or  passes  on  the 
crests  of  mountains  have  been  formed  by  convulsive  fractures  and 
gapings  of  the  surface,  produced  by  disturbing  forces  proceeding  from 
the  interior  of  tlie  earth,  is  in  all  cases  an  erroneous  one.  Its  mistake 
can  always  be  shewn  by  examining  the  floor  of  the  pass,  when  the 
rocks  will  be  seen  to  stretch  acro.ss  it  unbroken  by  any  fracture,  and  as 
solid  and  undisturbed  as  in  any  other  port  of  the  mountain.  Isolated 
crag.s  and  precipices,  or  long  lines  of  cliff  and  of  steep  slopes,  looking 
down  upon  broad  plains,  must  have  in  like  manner  been  formed  by  the 
sweeping  power  of  the  sea.  Broad  open  valleys  attest  a similar  origin, 
and  speaking  generally,  the  principal  featm-es  in  the  form  of  the 
ground  in  all  lands  have  been  produced  by  this  wide-spread  action. 

The  removal  of  vast  masses  of  rock,  therefore,  by  tliis  agency,  and 
its  transport  to  the  beds  of  neighbouring  seas  and  oceans  becomes 
certain.  The  results  of  this  erosive  action  are  exhibited  to  us  often  in  the 
most  striking  manner  in  the  gorges  and  ravines  of  mountain  slopes, 
but  low  gently  undulating  gromids  frequently  present  examples  of  it 
that  are  in  reality  still  more  wonderful ; since  geologists  can  prove  that 
such  grounds  were  once  covered  by  great  mountains,  or  at  least  by 
masses  of  rock  wliicli  were  equal  in  bulk  to  tlie  greatest  of  existing 
mountains,  and  that  these  vast  masses  have  been  ground  do\vn  and 
utterly  removed  and  swept  away,  so  that  we  have  now  left  merely  the 
base  on  w'hich  they  stood. 

To  such  agency  we  can  only  allude  here  in  brief  and  general  terms. 
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80  as  to  prejxire  the  student  to  estimate  rightly  the  forces  and  the 
actions  whicli  we  shall  have  to  consider  in  their  proper  place. 

Rain, — The  sea,  however,  is  not  the  sole  agent  of  the  destruction  of 
that  portion  of  rock  at  or  above  its  level,  which  we  call  land.  All  rain 
falling  upon  land,  and  either  running  over  its  suiface  or  draining 
through  its  interior,  is  constantly  abrading  and  carrj'ing  off  particles  of 
pre-existing  rock  in  the  shape  of  mud,  silt,  and  sand.  From  the 
gutters  and  the  ditches,  from  the  rills,  the  streams,  and  the  brooks, 
these  materials  for  the  building  of  mechanically  formed  rocks  are  almost 
unceasingly  being  carried  into  the  rivers,  and  by  them  transported  to 
the  beds  of  lakes  and  sea.s.  Insignificant  as  such  an  action  may  appear 
to  us,  its  results  when  continued  through  hundreds  and  thousands  of 
years  become  far  greater  than  we  should  at  first  imagine. 

Land^lif*. — Rain  soaking  into  ground,  and  issuing  as  springs  on 
steep  slopes  or  precipices,  sometimes  exerts  a more  wholesale  destructive 
power,  by  gradually  loosening  and  undennining  veiy'  considerable 
masses  of  ground,  and  thus  causing  them  to  be  launched  forw’ard,  do\sui 
the  slope,  producing  what  are  called  “ landslips.”  Examples  of  land- 
slips are  common  in  most  hilly  countries.  Some  of  them  are  described 
by  Lyell  in  the  twentieth  chapter  of  his  Principles,  especially  the 
lemarkable  one  (originally  described  by  Buckland  and  Conybeare), 
on  the  coast  of  Dorset,  when  a mass  of  chalk  slid  over  the  siuface  of  a 
bed  of  clay  down  into  the  sea,  leaving  a rent  three-fourths  of  a mile 
long,  150  feet  deep,  and  240  feet  wide,  the  whole  mass  on  the  seaward 
side  of  it,  with  its  houses,  roads,  and  fields,  being  cracked,  broken,  and 
tilted  in  various  directions,  and  thus  prej)ared  for  being  more  easily 
carried  off  by  the  action  of  the  sea. 

Far  larger  instances  of  ancient  landslips,  of  which  no  record  is 
kno\m,  and  which  took  place  perhaps  before  historic  times,  or  even 
before  the  country  M'as  inhabited  by  man,  may  be  observed  in  some 
parts  of  the  south-west  coast  of  Ireland.  On  the  coast  west  of  Bear- 
haven  in  county  Cork,  and  west  of  Brandon  Head  in  county  Kerrj%  as 
also  in  Derrymore  Glen  between  the  mountains  called  Baurtregaum  and 
Cahirconrea,  great  cliffs  were  obser\’ed  during  the  progress  of  the  geo- 
logical survey,  in  which  the  beds  of  rock  lay,  in  most  abnormal  and 
puzzling  positions,  so  that  it  was  difficult  to  understand  how  they  had 
assunuMl  them,  mitil  the  idea  struck  me  that  they  fonued  parts  of 
gigantic  landslijjs,  an  idea  which,  when  once  suggested,  readily  acooimted 
for  the  circumstances.  Mjisses  of  laud  with  cliffs  800  feet  high  were 
then  seen  to  be  nothing  but  a confused  heap  of  broken  ruins,  their 
cracks  and  dislocations  being  superficial  only,  or  not  extending  below 
the  level  of  the  sea. 

Jce  and  Snow. — \Mien  rain  falls  as  snow,  on  the  other  hand,  it 
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exerts  a conservative  and  protective  effect  as  long  os  it  retains  its  solid 
form,  but,  on  melting,  acts  like  rain,  and  even  with  greater  intensity, 
inasmuch  as  a greater  amount  of  water  is  often  set  loose  and  in  motion 
over  the  land  by  the  rapid  melting  of  snow  than  would  fall  in  the 
same  space  of  time  in  the  shape  of  rain  directly  from  the  clouds.  The 
most  extensive  and  powerful  floods  are  those  of  the  spring  in  mountain- 
ous districts,  when  the  snows  melt  rapidly  on  the  hills. 

If  rain  or  other  water  soaks  into  rocks  and  fills  up  their  interstices, 
either  the  small  pores,  or  the  crevices,  joints,  and  fissures,  by  which  all 
rocks  are  traversed,  and  tliis  water  then  freezes,  its  conversion  into  ice 
is  accompanied  by  an  expansion  which  exercises  an  irresistible  mechani- 
cal force,  the  effect  of  which  will  be  either  the  disintegration  of  the 
particles  in  the  one  case,  or  the  breaking  and  rending  asunder,  and  the 
displacement  of  the  larger  masses  in  the  other.  On  motmtain  summits 
and  sides,  subject  to  great  vicissitudes  of  temperature,  this  agency  exerts 
no  mean  effect.  The  hardest  rocks  may  be  broken  up  by  it,  and  enor- 
mous blocks  ultimately  displaced  and  toppled  over  precipices,  or  set 
rolling  down  slopes  to  suffer  stiU  further  fracture,  and  produce  still 
greater  ruin  in  their  fall. 

Few  men  live  in  situations  enabling  them  to  observ'e,  and  of  those  stDl 
fewer  have  the  ability  or  the  inclination  to  note  and  record  the’amount 
of  this  agency  in  the  remote  and  inaccessible  places  where  it  is  greatest. 
Its  amount,  however,  may  be  measured  by  the  piles  of  angular  frag- 
ments, large  and  small,  lying  at  the  foot  of  crags  and  precipices,  or 
sometimes  on  the  sharp  peaks  and  steep  summits  of  the  mountains, 
where  they  are  the  ruins  of  formerly  existing  “ torrs  ” an^  pinnacles. 

Captain  Beechey  in  his  voyage  towards  the  North  Pole  (Dorothea 
and  Trent),  describes  the  amoimt  of  this  action  as  very  great  in 
Spitzbergen.  He  says  that  the  mountains  were  rapidly  disintegrating 
from  the  great  absorption  of  wet  during  summer,  and  its  dilatation  by 
frost  in  winter.  “Masses  of  rock  were,  in  consequence,  repeatedly 
detached  from  the  lulls,  accompanied  by  a loud  report,  and  falling  from 
a great  height,  were  shattered  to  fragments  at  the  base  of  the  mountain, 
there  to  undergo  a more  active  disintegration.”  Soil  was  thus  formed, 
he  says,  up  to  1 600  feet  above  the  sea.  (See  Sir  J.  Richardson’s  Polar 
Voyages,  p.  207). 

Glaciers. — When  mountains  are  covered  by  perpetual  snow,  all  the 
parts  so  covered  are  protected  by  this  envelope  from  all  change.  In  such 
situations,  however,  the  moving  power  of  water  takes  another  form, 
that  of  the  glacier,  or  “ river  of  ice.”  The  lower  border  of  the  per- 
petual snow-mass  passes  into  ice,  partly  from  the  pressure  of  the 
mass  above,  and  partly  from  the  alternation  of  melting  and  freezing 
temperatures,  just  as  snow  on  the  roof  of  a house  forms  icicles  at  its 
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lower  edge,  when  some  of  it  is  melted  hy  tlie  sun  or  the  warmth  of  the 
house,  and  refrozen  hy  the  cold  from  evaporation,  or  the  next  iiiglit’s 
frost.  This  ice  accumulates  in  the  valleys,  and  Ls  fix)zen  into  a solid  or 
neaiiy  solid  ma.ss,  called  a glacier.  Glaciera  sometimes  till  up  valleys 
twenty  miles  long,  hy  three  or  four  wide,  to  the  depth  of  600  feet. 
Although  apparently  solid  and  stationary,  they  really  move  slowly 
down  the  valleys,  and  airry  -wdth  them,  either  on  the  surface,  frozen 
into  their  mass,  or  grinduig  and  ruhhing  along  the  bottom,  all  the  frag- 
ments, large  and  small,  from  blocks  many  tons  in  weight,  down  to  the 
finest  sand  and  mud,  that  rain,  and  ice,  and  the  friction  of  the  mo\nng 
glacier  itself,  detach  from  the  adjacent  r(M;k.s.* 

The  glaciers  of  the  Alp.s,  and  probably  those  of  other  pai’ts  of  the 
world,  descend  to  a vertical  depth  of  nearly  4000  feet  below  the  line 
of  perj)etual  snow,  before  they  finally  melt  away,  and  leap  forth  as 
rivers  of  ninning  water,  ^rhe  confused  pile  of  materials,  of  all  sorts 
and  sizes,  wliich  they  there  deposit,  is  called  the  “ moraine.”  This 
woixl'is  also  applied  to  the  lines  of  blocks  that  are  carried  along  on  the 
siu-face  of  the  glacier,  wliich  are  called  the  lateral  moraines,  the  one  at 
the  end  of  the  glacier  being  styled  the  terminal  moraine. 

It  is  easy  to  underatand  that  a glacier  slipping  do^ni  its  valley, 
may  bear  on  its  sides  the  bh)cks  and  fragments  that  fall  from  the 
adjacent  cliffs,  just  as  a river  would  carry  down  the  stems  and  sticks 
and  leaves  from  the  woods  on  its  bimks.  A line  of  the.se  might  in  each 
case  be  seen  on  each  side  of  the  stream,  and  if  two  streimis  unite,  the 
two  lines  of  transported  substances  on  theii-  adjacent  siilcs  would  like- 
wise imite,  aiid  be  carried  dowm  as  a double  medial  line  along  the 
centre  of  the  stream  below  the  junction.  In  this  manner,  if  a glacier 
have  many  tributaries  in  its  upper  parts,,  the  lower  portion  of  it  may 
liave  many  medial  lines  of  moraine,  and  in  some  cases  so  many  as  to  be 
entirely  covered  with  a confused  stratum  of  debris. 

The  river  of  water  that  always  springs  from  the  end  of  a glacier,  is 
of  course  (piite  unable  to  move  the  larger  blocks  which  have  been  cur- 
ried do^\'n  by  the  glaciei’,  and  they  remain  in  the  terminal  morauie 
until  they  are  worn  away,  or  broken  up  by  atmospheric  inlluences. 
The  river,  however,  Ciirries  off  at  once  the  fine  mud  and  impalpable 
sand  and  powdert  derived  from  the  grinding  action  of  the  glacier,  and 

• For  the  tle.<?eription  of  the  glaciers  of  the  Alps,  aud  the  cause  of  the  motion  of  glaciers, 
ace  tlie  works  of  Agnzziz  and  Char])cntier,  J.  Forbes,  and  Dr.  Tyndall;  for  those  of  the 
Himalaya,  Dr.  Htmkcr'a  Himalayan  Jountals. 

t Tlie  ice  of  a glacier  seems  in  its  lower  jMirt  to  Ik*  always  full  of  little  bubbles,  con- 
taining small  nests  of  this  dirty  powder.  I observed  in  the  summer  of  1860,  that  at  some 
of  the  hotels  in  Switzerland  (especially  at  Chamounix,  at  the  Hotel  dcs  Londre.s),  ice  was 
provided  at  the  table  .d’hOto.  This  was  of  course  glneier-ice,  and  on  putting  a piece  of  it  into 
a glass  of  water,  llrst  one  and  then  another  of  tlie  little  bubbles  in  the  ice  burst,  as  its  walls 
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flows  as  a dirty  yellowish  or  greenish  white  stream  of  filthy  water,  until 
it  reaches  the  sea,  or  some  great  lake  like  that  of  Geneva,  in  which  the 
sediment  may  he  depositcnl.  The  Rhone  tluit  has  become  purifieil  in 
the  Lake  of  Geneva,  is,  shortly  iifter  issuing  fi-om  it,  contaminated  by  tlie 
Arve  and  other  nvers  below.  The  Rhine  after  leaving  Lake  Constance, 
in  like  manner  receives  the  Aar  with  all  the  washing  of  the  glaciers  of 
the  Oberland,  and  rolls  henceforth  a raj)id  turbid  stream  into  the  Ger- 
man Ocean.  Holland  is  in  great  part  composed  of  mud  from  the 
glaciers  of  Switzerland. 

Icebergs. — If,  however,  it  so  happen  thiit  a glacier  come  dowm  into 
a lake,  or  into  the  sea,  before  it  melt  away,  large  fragments  of  it  (ice- 
bergs) will  be  frequently  floate«l  off,  with  all  their  freight  of  rock- 
fragments  of  all  kinds  ; and  these  loaded  icebergs  may  then  be  carrietl 
great  distances  before  they  entirely  dissolve.  In  this  manner,  large 
unworn  angular  blocks  of  rock  may  sometimes  be  droppe«l  on  the  bed 
of  the  sea  even  hundreds  of  miles  from  their  original  site.  The  termi- 
nal moraine,  instead  of  a pile  at  the  foot  of  the  glacier,  is  thus  dissemi- 
nated far  and  wide  over  the  bottom  of  the  surrounding  seas. 

The  finer  sediment  imparted  to  the  sea  by  melting  icebergs  may,  of 
course,  be  carried  still  further  by  the  oceanic  currents,  and  thus  mud 
at  the  bottom  of  a tropical  ocean  may  be  derived  from  the  grinding  of 
arctic  or  antarctic  land. 

River  Valleys. — Rivei's  fonn  their  own  betls,  but  not  their  ow'ii 
valleys.  Rivers  are  the  results  of  their  valleys,  but  they  are  their 
immediate  results.  The  river  could  not  be  fonned  till  after  the  valley, 
with  all  its  tributary  bninches,  had  been  marked  out ; but  the  valley 
could  not  even  be  mark>^d  out  without  the  river,  in  most  cases,  simul- 
taneously springing  into  existence,  and  commencing  to  form  its  channel 
or  bed,  and  thus  modify,  and  deepen,  and  complete  the  valley. 

If  we  watch  the  tide  receding  from  a flat  muddy  coa.st,  w’e  see  that 
the  mud  flat,  even  where  no  fresh  w'ater  drains  over  it  from  the  land, 
is  frequently  traversed  by  a number  of  little  branching  systems  of 
channels,  opening  one  into  the  other,  and  tending  to  one  general 
embouchure  on  the  margin  of  the  mud  flat,  at  low'-w'abjr  mark.  Tlie 
surface  of  the  mud  is  not  a geometrical  plane,  but  slightly  undulating  ; 
and  the  sea,  as  it  recedes,  carries  off  some  of  the  lighter  and  looser 
surface-matter  fi*om  some  parts,  thus  making  atlditioiial  hollows,’  and 
forming  and  giving  direction  to  currents,  w'hich  acquira  more  and  more 
force,  and  are  drawn  into  narrower  limits,  as  the  water  falls.  Deeper 
channels  are  thus  eroded,  and  canals  supplied  for  the  drainage  of  the 

and  a cloud  of  sodiinont  was  dischnrse<l  into  tl)0  water,  so  that  in  the  space  of  ten 
minutes,  the  glass  of  water  which  was  at  first  quite  clear,  became  os  turbid  as  if  a spoonful 
of  milk  had  been  dropped  into  it. 
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whole  surface.  First  two,  and  then  more,  of  these  little  systems  of 
drainage  unite,  until  at  dead  low-water  we  often  have  the  miniature 
representation  of  the  river  system  of  a great  continent  (wanting  of 
course  the  mountain  chains),  produced  before  our  eyes  in  the  course  of 
a single  tide,  in  the  very  manner  and  by  the  very  agent  by  which  all 
river  systems  on  all  islands  and  continents  have  been  produced. 

The  difference  between  them  is  this  only,  that  our  islands  and  con- 
tinents are  now  above  the  sea,  not  in  conse([uence  of  the  gradual  fall  of 
the  water,  but  in  consequence  of  the  gradual  rise  of  the  land. 

It  may  be  said,  moreover,  that  this  little  drainage  system  thus  set  up 
in  a mud  flat  is  not  the  result  of  the  action  of  one  tide,  that  it  is  not 
obliterated  every  time  it  is  covered  at  high-water,  and  repro<luced  again 
afresh,  but  is  the  final  result  of  many  elevations  and  depressions,  and 
many  successions  of  drainage  action,  all  combining  to  produce  the  same 
effect  in  the  same  lines,  wherever  nothing  has  happened,  in  the  mean- 
while, to  direct  them  into  different  ones. 

Just  so,  however,  it  is  Tsdth  the  river  systems  of  our  dry  lands. 
The  present  form  and  contour  of  our  lands,  and  their  partition  into 
basins  of  drainage  or  river  systems,  each  dividetl  from  the  other  by 
lines  of  “ watcrsheil,”  is  the  result  of  many  elevations  above  the  sea, 
and  depressions  below  its  leveL  The  internal  forces  of  elevation  and 
depression  have  acted  not  once  only,  but  many  times  ; and  accoKlingly 
tlie  whole  surface  of  our  land  has  been,  not  once  onl^,  but  often^  sub- 
jected to  the  graving  tools  and  gouges,  the  jdanes  and  chisels,  so  to 
speak,  of  the  upper  surface  of  the  sea  ; tl»e  hollows  and  excavations 
thus  caused  not  having  been  obliterated,  but  generally  deepened  and 
intensifie<l  on  each  occasion. 

Action  of  Rivers. — Tliis  re-direction  of  draining  water  into  old 
channels  will  be  more  certain  and  frequent  in  proportion  to  the  steep- 
ness of  the  ground  and  consecpient  rapidity  of  the  flow  of  water  ; and 
channels  once  selected  wll  there  be  more  rapidly  deepened,  and  more 
comjdetely  and  penuauently  formed.  Such  deep  valleys  (ravines,  as 
we  should  then  call  them)  are  scarcely  to  l>e  obliterated,  or  othervdse 
altered  than  from  dcKjjxjning  and  enlargement,  by  any  number  or 
amount  of  changes,  short  of  the  removal  of  the  mass  of  high  ground 
which  they  traverse.  As  long  as  the  mountains  remain  undestroyed, 
the  valleys  and  ravines  must  obviously  be  continually  enlarged,  either 
vertically  or  laterally,  by  the  action  of  the  waters  which  traverse  them. 

The  erosive  action  of  mountain  torrents  can  hardly  fail  to  be  per- 
ceived by  any  one  who  visits  them.  In  their  narrow  channels,  smpoth 
grooves  and  cuts,  obviously  water-woni,  may  often  be  obsen^ed,  even  in 
the  hardest  rocks  ; while  holes,  called  “ pot-holes,”  of  several  feet  in 
depth  and  width  are  often  formed  in  such  rock  by  the  whirling  action 
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of  water  keeping  in  perpetual  circular  motion  a few  pebbles  or  a little 
sand.  Cascades  and  waterfalls  dig  deep  holes  and  black  pools  below 
the  lc*dges  over  which  they  fall,  and  often  undermine  those  ledges,  and 
thus  break  them  away,  block  by  block,  much  faster  than  the  abrasion  of 
mere  water  friction  could  remove  them.  Cataracts  cut  tlieir  way  back 
in  all  rivers,  whether  in  the  ravines  of  mountains,  or  when  they  fall 
from  one  plain  or  one  table-land  to  another,  as  in  the  case  of  the  Falls 
of  Niagara  and  others.  The  ravine  that  the  river  St.  Lawrence  has 
excavated  for  itself  by  the  recession  of  its  Falls  is  7 miles  long,  200  to 
400  yards  wide,  and  200  to  300  feet  deep,  and  w’ould  require  some- 
thing like  35,000  years  for  its  pro<luction,  at  the  present  rate  of  pro- 
gress.— {LyelVi  Principles  of  Geology y chap,  xiv.) 

The  amount  of  sediment  transported  by  a river  at  any  given  time 
varies  very  greatly,  and  the  amount  tranfqwrted  by  different  rivers  is 
also  very  various.  Dr.  Liringstone  (in  lus  Missionary  Travels  in  South 
Africa,  p.  598),  describes  rivers  w'hich  ordinarily  have  more  siuid  in 
them  than  water.  He  siiys,  “ We  came  to  the  Zingesi,  a sand  ri\mlet 
in  flood.  It  was  sixty  or  seventy  yards  w ide,  and  waist  deep.  Like 
all  the.se  sand  rivers,  it  Ls  for  the  most  part  dry  ; but  by  digging  down 
a few  feet,  water  is  to  be  found,  which  is  percolating  along  the  bed  on 
a stratum  of  clay.  ...  In  trying  to  ford  this,  I felt 
thousands  of  particles  of  coarse  sand  striking  my  legs. 

These  sand  rivers  remove  vast  masses  of  disintegrated  rock  before  it 
is  fine  enough  to  form  soil.  . . . The  shower  of  particles 

and  gravel  w'hich  struck  against  my  legs  gave  me  the  idea  that  the 
amount  of  matter  removed  by  every  freshet  must  be  very  great.  In 
most  rivers  where  much  w'earing  is  going  on,  a person  diving  to  the 
bottom  may  hear  literally  thousands  of  stones  knocking  against  each 
other.  This  attrition  being  carried  on  for  hundreds  of  miles  in  different 
rivers,  must  have  an  effect  greater  tlian  if  all  the  pestles  and  mortars 
and  mills  of  the  w'orld  were  grinding  and  w'earing  away  the  rocks.” 

The  temporary  damming  up  of  rivers,  and  subsequent  breaking 
down  of  the  barrier  and  e.scape  of  the  lake  formed  above  it,  produces 
sometimes  the  most  remarkable  instances  of  the  pow’er  of  moving  water. 
Rocks  as  big  os  houses  are  thus  set  in  motion  and  carried  sometimes 
for  very  considerable  distances  down  the  valleys. — (See  Lyelly  a.s  above  ; 
also  Jame^ij^s  Minerahgyy  vol.  iii.,  and  De  la  Beche's  Manual  and  Geo- 
logical Observer) 

Tlie  blocks  accumulated  in  mountain  torrents  are  usually  crags  that 
have  been  gradually  loosened  by  the  w'eathering  action  of  the  spray,  or 
undennined  by  the  abrasion  of  the  W'ater,  and  then  fallen  into  the  bed 
of  the  river.  These  blocks,  arresting  the  force  of  the  stream,  are  imme- 
diately attacked  by  it,  and  very  soon  become  smooth  and  rounded  by 
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attrition,  either  of  the  mere  water,  or  of  water  charged  with  sand  and 
gravel.  When  sufficiently  lightened,  and  sufficiently  rounded  and 
|)olished,  some  greiiter  flo(xl  than  usual  sets  them  in  motion,  to  receive 
still  further  rough  treatment  themselves,  and  to  become  convertetl  into 
tools  for  the  bi'eaking  up  and  grinding  of  others,  till  at  length  the 
massive  and  shapeless  crag  is  rolled  forw’ard  uito  the  brook  in  the  fonii 
of  a quantity  of  small  round  jMjbbles.  These  undergo  here  a continua- 
tion of  the  same  mechanical  operation  as  before,  till  they  are  delivered 
by  the  brook  into  the  river  in  the  shape  of  grains  of  stmd,  and  are  thus 
swept  onward  towanls  the  sea  ; and  if  the  river  be  very  large,  long 
before  they  reach  the  sea  the  sand  is  ground  down  into  mud  of  the 
finest  and  most  impalpable  di?scription*  Clouds  of  such  mud  discolour 
the  sea  off  the  mouths  of  great  rivers,  such  ns  the  Amazon  and  Orinoco, 
even  for  many  scores  of  miles  out  of  sight  of  land  ;+  and  the  great  ocean 
currents  may  luiirv  it  on,  still  slowly  sinking  through  greater  depths, 
even  for  many  hundred  miles  further,  before  it  finally  settles  to  rest  in 
some  tranquil  hollow  of  the  l)cd  of  the  ocean. 

Dhf'erence  hHweea  Rictr  Actiun  and  that  of  tSea. — Although  the  sea 
and  the  river  both  cut  away  and  carrj'  ofl’  rock  by  the  }>ower  of  moving 
water,  the  result  of  their  action  is  easily  to  be  distinguished.  Tlie  sea 
acts  for  the  most  part  along  a horizontal  plane,  cutting  down  land  to  its 
own  level  with  a broad,  ^\'idely-spread  action,  always  tending  to  produce 
a level  surface,  not  only  over  the  land  wliich  it  destroys,  but  by  filling 
up  the  hollows  in  its  own  bed  with  the  materials  derived  from  that 
land.  Tlie  river,  the  other  hand,  acts  in  a vertical  diivction,  cutting 
its  way  down  over  a comparatively  narrow  and  often  tortuous  line  of 
ground,  and  thus  tending  to  make  the  surface  rugged  and  uneven,  and 
to  wear  in  it  deej)er  and  deeper  valleys  or  ravinc.s.  We  shall  have  occa- 
sion hereafter,  when  sjwaking  of  “ Denudation,”  to  remark  this  difference 
in  the  effect  produced  ujam  the  surface  of  land  more  particularly. 

Motive  Rowers  of  Water. — We  .shall  be  able  bett(!rto  understand  how 
rapidly  the  size  of  water-borne  fragments  increases  in  proportion  to  the 
velocity  of  the  moving  water,  when  we  leani  from  Mr.  W.  Hopkins, It 

* For  n flc8crii)tion  of  theKe  factn  a’j  observed  in  tlie  bed  of  the  Ganges  and  its  tributaries, 
see  Hooker's  aibniniblo  lIiTnalayan  .lonnials,  vol.  i.,  p.  878. 

t “ The  river  Plata,  at  a distance  of  GOO  mile.s  from  the  month  of  the  river,  wa.s  found  to 
maintain  a rate  of  a mile  an  hour;  and  the  Amazon,  at  3<X)  miles  from  the  entrance,  w.rs 
found  running  nearly  three  miles  i»or  hour,  its  original  direction  being  but  little  altered,  ami 
the  water  nearly  fre.sh." — {AdmimUy  Manual  of  Scif.ntijlc  Intpiiry,  note,  j*.  24.)  Nothing  is 
said  thera  of  the  .sediment  in  the  river,  but  I have  inysidf  .seen,  when  anchored  ten  or  fifteen 
miles  from  the  shore  of  New  Guimui,  north  of  Torres  Htraits,  the  waters  of  the  much  smaller 
rivers  of  that  island  rush  out  as  the  tide  full,  with  a strong  discoloured  stream  of  some  miles 
in  width,  and  in  such  quantity  as  to  be  shortly  drinkable  alongside. — (Voyttge  of  the  Fly, 
vol.  i.,  jip.  217  and  219.) 

t See  Presidential  .\ddress  to  the  Gcol.  isoc.  Lon.^  for  year  1852,  p.  .xxvii. 
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that  the  power  of  water  to  move  bodies  that  are  in  it  increases  as  the  sixth 
power  of  the  velocity  of  the  current.  Tims  if  we  double  the  velocity  of  a 
current,  its  motive  power  is  increased  sixty-four  times;  if  its  velocity  be 
multiplied  by  3,  its  motive  jwwer  will  be  iiicre^ased  7 29* times;  if  by  4, 
4096  times  ; and  so  on. 

In  studying  the  mechaniwd  force  of  water  upon  rock,  also,  it  is 
necessary  to  bear  in  mind  that  all  earths  and  stones  lose  fully  a third  of 
their  weight  when  susi^ended  in  water.  Tliese  considerations  enable  us 
to  understand  more  readily  the  fact  of  blocks  of  rock  many  tons  in 
weight  having  been  removed  from  breakwaters  and  jetties,  and  carried 
stmietimes  many  yards  during  great  storms,  lus  also  of  still  larger  blocks 
huriied  along  by  floods,  etc. 

The  rolling  ]>ower  of  water  upon  stones  l^dng  in  its  bed  dej>ends 
greatly  on  their  shape  also,  the  same  current  being  easily  able  to  roll 
along  pieces  of  rock  in  the  form  of  rounded  jKibbles,  that  it  would  l>e 
quite  unable  to  move  if  they  were  in  the  shape  of  flat  slabs  ; while, 
conversely,  flat  slabs  or  flakes  would  float  more  easily,  or  sink  moi’e 
sloMdy,  than  rounded  or  wpiare-shaped  fmgnients  of  the  same  weight  and 
cubic  contents.  Flakes  of  mica,  as  Sir  C.  Lyell  observes,  therefon^,  might 
be  floated  and  transported  onwards  where  grains  of  quartz,  even  though 
lighter  than  the  mica,  would  sink ; and,  on  the  other  hand,  rounded 
quartz  pebbles  might  be  rolled  for^vard  where  smaller  and  flatter  piews, 
in  the  shape  of  shingle,  w’ould  be  brought  to  rest. 

Mr.  Babbage  has  lately  treate<l  of  this  subject,  in  a imi>er  of  which 
an  abstract  appeared  m the  Journal  of  the  Geological  Society,  November 
1856. 

He  there  supposes  the  case  of  a river,  the  mouth  of  which  is  100 
feet  deep,  delivering  four  varieties  of  fine  detritus  into  a sea  which  has 
a uniform  depth  of  1000  feet  over  agi-eat  e.\tent,  which  sea  is  traversed 
by  one  of  the  great  ocean  currents,  moving  udth  a certain  given  velocity.* 

He  takes  for  granted  that  the  four  varieties  of  detritus  are  such  as, 
from  their  size,  shape,  and  specific  gravity,  would  fall  through  still  water, 
the  first  10  feet  per  hour,  the  second  8 feet,  the  third  5 feet,  and  the 
fourth  4 feet.  The  combined  effect  of  the  do^vnward  motion  of  the 
detritus  and  the  onward  motion  of  the  water,  would  then  bring  the  first 
variety  to  the  bottom  of  the  sea,  at  a distance  of  180  miles  from  the 
river’s  mouth,  and  strew  it  over  a space  20  miles  long  ; the  second  variety 
would  only  begin  to  reach  the  bottom  225  miles  from  the  river’s  mouth, 
and  would  be  spread  over  25  miles,  and  so  on,  as  in  the  following 
Table : — 

t 

* The  sapposed  velocity  of  the  river  and  ocean  current  is  not  stated  in  the  abstract,  but 
from  tlie  calculation  would  appear  to  have  been  taken  at  2 miles  per  hour. 
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No. 

Velocity  of 
fall  per  hour. 

Nearest  di.stance 
of  deposit  to 
river  mouth. 

Length  of 
de]K>sit 

■ 1 

Greatest  distance 
of  deposit  from 
river  mouth. 

Feet. 

Miles. 

Miles. 

Miles. 

1 

10 

180 

20 

200 

2 

8 

225 

25 

250 

3 

5 

360 

40 

400 

4 

4 

450 

50 

600 

We  should  thus  have,  proceeding  from  the  same  river,  and  poured  into 
the  sea  either  simultaneously  or  at  different  times,  four  different  and 
widely  separated  patches  of  mud  or  clay  fonned  on  the  sea  bottom. 

Mr.  Babbage  says,  that  this  subject  was  suggested  to  him  from  his 
observing  the  extreme  sloirness  with  which  a very  fine  powder,  even  of  a 
very  heavy  substance,  such  as  emery,  subsides  in  water,  and  he  speaks 
of  mud  clouds  being  suspended  in  the  depths  of  the  ocean,  where  the 
density  of  the  water  increases,  for  vast  periods  of  time. 

Amount  of  Matter  trami^rted  hy  Rivers. — Tlie  amoiuit  of  mechaidcal 
work  done  by  rivers  can  be  estimated  by  examining  their  waters  at 
different  periods,  and  determining  their  solid  contents.  If  this  be  done 
by  simply  evaporating  the  matter,  the  result  will  be  not  only  the 
mechanically  suspended  mineral  matter,  but  also  that  which  was  chemi- 
cally dissolved  in  the  water.  As  the  sepimition  of  these  two,  however, 
is  rather  troublesome,  and  not  very  important,  it  is  not  often  attempted  ; 
neitlier,  as  a measure  of  the  work  done,  would  it  be  often  necessai^-, 
since  the  chemical  solution  of  mineral  matter  is  perhaps  more  frequently 
than  not  the  consequence  of  the  mechanical  erosion  of  it  by  the  water. 

Sir  C.  Lyell,  in  his  Principles,  gives  the  following  as  the  results  of 
various  obseiwations : — 

Tlie  total  mineral  matter  carried  do'wn  by  the  Ganges  into  the  sea, 
accoixling  to  Everest,  is  6,368,077,440  cubic  feet  per  annum.  Lyell 
says,  that  for  the  transport  of  this  quantity,  it  would  require  a fleet  of 
2000  Indiamen,  each  of  1400  tons,  to  start  every  day  throughout  the 
year.  Such  a mass  of  matter  would  cover  a square  space  1 5 miles  in 
the  side  every  year  with  mud  a foot  deep,  or  would  raise  the  whole 
surface  of  Ireland  one  foot  in  the  space  of  144  years.  The  Brahma- 
pootra probably  carries  an  equal  quantity. 

Mr.  Barrow  calculated  that  the  Yellow  River  (Hoang  Ho)  in  China, 
carried  down  into  the  Yellow  Sea  48,000,000  of  cubic  feet  of  earth 
daily,  so  that,  assuming  the  Yellow  Sea  to  be  120  feet  deep,  an  English 
s(juare  mile  might  be  converted  into  dry  land  every  seventy  days. 
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and  supposing  its  area  to  be  125,000  square  miles,  the  whole  would 
be  matle  into  terra  firma  in  24,000  years.  Acconling  to  Dr.  Riddell, 
the  solid  matter  contained  in  the  Mississippi  is  about  80  j»arts  in  the 
100,000  of  water  by  weight,  or  about  33  by  volume  ; and  Sir  C.  Lyell 
calculates  that  it  brings  downi  3,702,758,400  cubic  feet  annually,  and 
that  the  present  delta  has  required  67,000  years  for  its  formation. 

K we  turn  to  the  Eurojiean  rivers,  Bischof,  in  his  Chemical  and 
Physical  Geology  (vol.  i.,  chapter  81)  stixtes  that  Chandelloii,  by  daily 
experiments  during  December  1849,  found  in  the  Maes,  at  Liege,  a 
maximum  of  47.4  parts  of  suspended  matter  alone,  a minimum  of  1.4, 
and  a mean  of  10  parts,  in  the  100,000  of  water. 

In  the  Rhine,  at  Bonn,  Mr.  Leonanl  Homer  found,  August  1833, 
when  it  was  unusually  low  and  turbid,  31.02  of  suspended  and  dissolve<l 
matter,  and  in  November,  when  swollen,  51.45.  Bischof  found  in  March 
1851,  20.5  of  suspended  matter  alone,  and  at  another  time,  when  it 
was  clear,  only  1.73  of  such  parts  ; while  Stiefensand,  near  Uerdingen, 
after  a flood,  found  78  parts  of  suspended  matter  in  the  100,000  of 
water. 

In  the  Danube,  August  5,  1852,  there  were  found  9.23  of  sus- 
pended, and  14.14  of  dissolved  matter,  total  solids  23.37  in  the 
100.000;  while  in  the  Elbe  at  Hamburgh,  there  were  in  June  1852 
only  found  0.9  of  suspende<l,  and  1 2.7  of  dissolved  matter. 

In  these  experiments  much  dejxends  on  the  state  of  the  river,  and 
also  on  the  part  of  the  river  where  the  water  is  taken  from,  whether 
far  from  the  bank,  at  the  surface,  or  near  the  bottom,  and  so  on. 

Fomiation  of  Deltas. — We  may  also  in  many  cas<^s  e.stimate  the  amount 
of  work  done  by  a river,  from  the  size  of  the  delta  or  flat  land  fomied 
at  its  mouth.  If  we  follow  the  course  of  anv  river  from  its  source  to 
its  tennination,  we  perceive  that  the  size  of  the  liver  and  the  volume 
of  water  it  contains  is  continually  increa.sed  by  the  accession  of  tribu- 
tary streams  now  on  one  side  and  now  another.  No  stream  ever  flow.s 
out  of  a river,  nor  does  the  river  ever  divide  into  two  streams,  except 
for  a short  distance  where  a comparatively  small  islan«l  may  have  been 
formed  in  some  flat  part  of  its  bed.  When,  however,  we  follow  a river 
down  to  a low  flat  country  on  its  approach  to  a lake,  or  to  a part  of  the 
sea  at  the  head  of  a bay  or  gulf,  or  where  no  oceanic  currents  sweep 
acro.ss  its  mouth,  or  where  from  any  circumstances  the  sediment  brought 
down  is  more  than  can  be  carrietl  away  into  deep  water,  we  then  find 
the  river  split  up  into  two  or  more  branches  by  the  fonnation  of  a delta. 

In  the  delta  part  of  a river  an  entire  change  takes  place  in  its 
nature  ; instead  of  continually  receiving  fresh  accessions  of  water,  and 
so  becoming  larger  and  larger  ; the  river  now  splits  into  smaller  and 
smaller  channels.  In  the  upper  iwirts,  fresh  accessions  of  earthy  mat- 
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ter  are  brought  into  it,  but  now  it  begins  to  deposit  tlie  sediment  it 
contains. 

In  fact,  the  river  properly  ceases  at  the  head  of  the  delta,  where  its 
mouth  originally  was,  and  its  water  merely  finds  its  way  out  into  tlie 
lake  or  sea  below  in  the  best  fashion  it  can  through  the  mud  ■ftith  which 
it  has  choaked  its  own  mouth. 

The  Rliine  when  it  enters  Holland  is  in  fact  lost  in  a gi*eat  deltoid 
flat  among  a number  of  bifurc^ating  channels,  in  which  its  waters  are 
mingled  with  those  of  the  Meuse,  the  Sambre,  and  a number  of  other 
rivers,  such  a.s  the  Scheldt,  which  have  all  contributed  to  produce  the 
low  mai'shy  ground  that  skills  the  coasts  of  Belgium,  and  forms  nearly 
the  whole  of  the  Netherland.s. 

So  obHously  is  the  delta  of  the  Nile  the  production  of  that  river, 
that  Herodotus  remarked  that  “ Egypt  was  the  gift  of  the  Nile,”  and 
that  the  sea  probably  once  flowed  up  to  Memphis,  now  more  than  100 
miles  from  the  coast-line,  the  old  gulf  having  been  filled  up  by  the  Nile 
mud  as  the  Red  Sea  would  be  filled  up  if  the  Nile  were  turned  into  it. 
The  edge  of  the  jiresent  dcdta,  which  is  1 50  mile.s  wide,  is,  however,  now 
swept  l)y  a powerful  current,  which  carries  off  all  detritus  delivered 
into  it,  and  thus  future  increase  is  prevented.  Othenvise  the  Nile 
would  by  this  time  have  formed  a long  tongue  of  land  projecting  into 
the  Mediterranean,  just  as  the  Mississippi  has  projected  a tongue  of  land 
50  or  60  miles  long  into  the  Gulf  of  Mexico,  having  previously  filled 
up  the  inlet  which  formerly  penetrated  from  that  sea  deeply  into  North 
Ameriai,  and  received  the  rivers  more  than  100  miles  inland  from  the 
present  const. — {LyeUs  Princq^les.) 

The  Ganges  first  bifurcates  at  a distance  of  220  miles  from  the  pre- 
sent coast,  and  the  river  may  be  said,  like  the  Rhine  on  entering  Hol- 
land, properly  to  terminate  there,  for  below  that  it  splits  into  numerous 
channels  among  inanshy  gixuind,  which  it  hjuj  funned  in  conjunction 
with  the  Brahmapootm  and  other  rivers.  Tliis  muddy  flat  stretches 
for  260  miles  along  the  head  of  the  Bay  of  Bengal. 

Dr.  Hooker  in  his  description  of  this  district  (Him.  Journals,  vol.  ii., 
p.  341),  says,  speaking  of  its  ejisteni  bonier,  “ Tlie  mainland  of  Noacolly 
is  gradually  extending  seawanls,  and  has  advanced  four  miles  within 
twenty-three  years  ; this  seems  sufficiently  accounted  for  by  the  reces- 
sion of  the  Megna  ” (a  name  for  the  main  branch  of  the  Brahmapootra). 
“ The  elevation  of  the  surface  of  the  land  is  caused  by  the  ovenvhelm- 
ing  tides  and  north-west  huiricanes  in  May  and  October  ; tliese  extend 
thirty  miles  north  and  south  of  ChitUigong,  and  carry  the  watera  of  the 
Megna  and  Fenny  back  over  the  land  in  a series  of  tremendous  waves 
that  cover  islands  of  many  hundred  acres,  and  roll  three  miles  into  the 
mainland.  On  these  occasions  the  average  earthy  deposit  of  silt  sepa- 
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rated  by  micaceoua  sand  is  au  eighth  of  a mile  for  ever}’  tide,  but  in 
October  1848  these  tides  covered  Siiiideep  island,  dejtosited  six  inches 
on  its  level  surface,  and  filltnl  up  with  mud  ditches  sevenil  feet  deep.” 

The  bifurcations  of  the  BralmiapcKjtra  commence  even  further  from 
the  sea  than  those  of  the  Ganges,  and  there  is  a great  flat  of  more  tlian 
100  miles  in  width  l>etween  the  two,  in  w’hicli  a number  of  lesser 
streams  proceeding  directly  from  the  southern  slopes  of  the  Hinuilayas 
likewise  bifurcaU?,  some  of  them  Wginning  to  do  so  at  300  miles  from 
the  sea-coast.  It  would  appear,  therefore,  that  we  have  here  a v.ast 
river-deltoid  deposit,  covering  au  area  of  something  like  50  or  60,000 
st^uare  miles,  or  more  than  that  of  Englaml  and  Wales. 

Sir  C.  Lyell  {Principles^  chapter  10)  tells  us  that  an  Artesian  well, 
481  feet  deep,  w'as  bored  at  Calcutta,  of  which  the  upper  400  feet  at 
lea.st  may  be  stated  as  river  deposit,  although  giving  evidence  at  one  or 
tw'o  places  of  the  land  having  fonnerly  been  at  a higher  level,  and  the 
river  therefore  having  brought  coarser  maU^ials  than  now. 

Large  and  thick  as  this  great  imiss  of  mere  river  wadihig  may 
apiX'ur,  it  doe.s  not  represent  the  whole  <piaiitity  brought  downi,  since 
w'e  learn  from  Lyell  tliat  outside  the  iwirt  which  may  be  called  actually 
land,  there  is  a gratlual  slope  out  to  sea  of  more  than  100  miles — the 
water  slowdy  and  rcgulmly  deepening  from  4 to  60  fathoms.  In  tlie 
centre  of  this  submarine  slope,  too,  is  a deep  hole  about  15  miles  acr(*ss, 
cjxlle<l  “ the  sw’atch  of  no  ground,”  in  which  no  bottom  is  found  witlj 
100,  or  even  130  lathoms  of  line,  giring  us  api»arently  a measure  of 
the  depth  the  water  W’ould  have  had  over  the  wdiole  neighbouring  space 
if  it  not  been  for  the  mud  brought  dowm  by  the  river. 

The  great  rivers,  how’ever,  which  do  not  bhxk  uj>  their  own  mouths 
with  a delta,  do  not  the  less  on  tliat  account  carry  down  si*diment  into 
the  sea.  Tlie  Rio  Plata  and  the  Amazon  have  their  mouths  probably 
swept  clean,  partly  by  the  force  of  their  owm  current  cairpng  out  the 
detritus  into  deep  w’ater,  and  ]>artly  by  the  oceanic  currents  which  travel 
past  their  mouths  aiding  them  in  this  tninslwrt.  Tlie  river  St.  I.aw- 
rence  is  greatly  strained  of  sediment  by  having  to  pass  through  the 
large  lakes  which  it  must  first  fiU  up  and  convert  into  clry  land  before 
it  can  begin  to  fonn  a delta  at  its  mouth. 

The  Thames  and  Severn,  and  other  smaller  rivers  of  our  own  islands 
and  other  parts  of  the  worM,  fall  into  the  tidal  watem  with  too  short 
and  too  rapid  a sloi>e  to  commence  the  formation  of  a regular  delta, 
the  falling  tide  helping  the  river  flow  to  sa)ur  out  the  einlxaichures, 
although  many  large  sandbanks  are  deposited  about  the  mouths  of  such 
rivers,  the  materials  of  w’hich  have  been  brought  down  by  them. 

The  set  of  the  currents  in  the  German  Ocean  seems  to  lx*  directed 
from  the  Continental  and  against  the  English  shores  ; but  w'liere  any 
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part  of  the  latter  is  protected  from  the  sweep  of  those  currents,  as  in  the 
deep  bight  called  the  Wash  between  Norfolk  and  Lincolnshire,  there  the 
rivers  make  a deltoid  flat  or  great  marsh,  scarcely  above  the  level  of 
the  sea.  Such  are  “ the  fens  ” of  Cambridge  and  Lincoln,  a tract  of 
about  2000  square  miles,  the  product  of  the  rivers  Witham,  Welland, 
Nen,  Ouse,  Cam,  and  others. 

In  the  tropics  these  fens  would  have  a huge  mangrove  swamp  along 
their  seaward  edge,  while  inside  that  there  would  be  a jungle  like  the 
Sunderbunds  of  the  Gangetic  delta. 

Transport  of  Matter  by  the  Ocean, — The  same  reasoning  just  now 
applied  to  the  place  of  dejwsit  of  the  earthy  materials  derived  from 
rivers  is  equally  applicable  to  the  mud  and  sand  washed  from  all  coasts 
by  the  erosive  action  of  the  breakers,  which  may  be  carried  out  by  tides 
and  currents  far  from  the  land,  wherever  the  materials  are  fine  enough 
to  be  held  long  in  suspension,  and  the  currents  swift  enough  to  move 
far  in  that  time. 

Tlie  current  that  sweeps  roimd  the  extremity  of  Africa  from  the 
Indian  Ocean  to  the  Atlantic,  is  at  once  distinguishable  by  its  dirty 
olive  green  colour  from  the  deep  blue  of  the  pure  ocean  water,  even  in 
a dej)th  of  1 00  fathoms,  and  out  of  sight  of  land.  Small  pebbles  were 
brought  up  from  that  depth  by  the  lead  in  HAI,S.  Fly ; and  the  change 
of  colour  in  the  water  can  hardly  be  due  to  any  other  source  than  the 
presence  of  minutely  divided  mineral  matter  held  in  suspension  by  the 
water. 

Among  coral  reefs,  where  there  is  no  mechanically  suspended 
matter  in  the  water,  it  is  of  crystalline  clearness,  and  deep  blue  colour, 
even  in  such  small  depths  as  fifteen  and  twenty  fathoms,  and  it  is  only 
on  shoals  of  less  than  ten  fathoms  where  the  white  or  yellow  bottom 
begins  to  appear  through  the  water,  that  a green  tint  appears  which 
becomes  plainly  visible,  even  at  a distance  of  one  or  two  miles,  when 
the  water  shoals  to  four  or  five  fathoms.  Tliis,  however,  is  a bright 
gniss  green,  very  different  from  the  dull  green  of  the  Agulhas  current 
and  our  own  and  other  shallow  seas. 

Similar  differences  in  the  colour  of  the  sea,  arising  from  the  same 
(iause,  may  be  seen  on  our  o^v^l  coasts.  The  sea  on  the  west  coasts  of 
Ii-elaiid  and  Scotland,  where  the  current  sets  upon  the  land  from  the 
gulf  stream,  is  the  deep  clear  ocean  blue,  even  in  the  bays  and  harbours, 
and  is  very  different  from  the  dirty  green  water  of  the  English  Channel, 
the  Irish  Sea,  or  the  German  Ocean,  which  has  become  loaded  mth 
matter  from  the  washing  of  our  coasts  and  rivers.  This  difference  may 
be  seen  on  the  small  scale  in  the  bays  of  the  western  coasts.  I have 
often  been  struck  with  the  appearance  of  Bantry  Bay  after  a day’s 
•Hfonn  and  rain,  when  a mai^jin  of  green  discoloured  water  may  be  seen 
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extending  some  half  mile  in  width  all  round  the  shores,  singularly  con- 
trasted with  the  bright  blue  water  of  the  bay.  In  dry  calm  weather, 
there  is  no  discoloured  margin  ; and  the  general  blueness  of  the  water 
is  not  affected  by  the  bottom,  which  inclines  very  gradually  and  regu- 
larly from  five  or  six  fathoms  at  the  head  of  the  bay,  to  about  twenty- 
five  at  its  mouth,  and  consists  of  a fine-grained  silt,  principally  composed 
of  broken  corallines  and  shells. 

I had  occasion  once  to  cross  Kenmare  Bay  between  Collorus  and 
Sneem  the  day  after  a tremendous  storm,  when  these  appearances  were 
singularly  w'ell  marked.  In  the  centre  and  lower  part  of  this  long 
and  beautiful  inlet  the  water  was  still  blue  and  clear,  but  all  round  its 
head  and  along  its  sides  the  colour  of  the  water  was  greenish  yellow’. 
The  boundary  between  the  two  kinds  of  water  was  perfectly  well  defined, 
so  that  it  could  be  seen  from  a boat  a quarter  of  a mile  ^ead,  and  the 
moment  observed  in  which  the  boat  passed  from  one  kind  of  water  to 
the  other.  The  dirty  water  appeared  to  be  slowdy  travelling  down 
with  the  receding  tide  toward  the  mouth  of  the  inlet. 

TliLs  discolouration  of  the  w’ater,  then,  is  due  to  nothing  else  than 
the  washing  of  the  land  during  heavy  rains  and  storms,  proceeding 
either  directly  from  the  cliffs  or  from  the  numberless  little  brooks  and 
rivers,  and  must  exist  under  the  same  circumstances  round  all  lands. 
No  small  amount  of  earthy  matter  is  thus  annually  conveyed  into  the 
sea,  swept  off  by  its  currents,  and  deposited  somewhere  in  its  bed. 

The  natural  colour  of  perfectly  clear  pure  water  seems,  as  observed 
by  Professor  James  Forbes,  to  be  blue.  All  green  w’ater,  or  water  of 
any  other  coloiur  than  blue,  however  clear  it  may  look  in  a gh\ss,  never- 
theless contains  impurities. 

The  materials  derived  from  the  land,  either  by  river  or  sea  action, 
are  carried  to  greater  or  less  distances  according  to  their  fineness.  In 
the  Irish  sea,  acconling  to  the  Admiralty  charts,  sand  alone  is  to  be 
found  within  some  miles  of  the  shore,  whUe,  in  the  central  and  deeper 
parts,  the  bottom  is  formed  of  mud.  There  are  two  central  mud- 
belts  in  the  northern  part,  one  on  each  side  of  the  Isle  of  Man,  the  one 
running  towards  the  Solw’ay,  and  the  other  continuing  into  the  Clyde 
mouth. 

In  the  English  Cliannel  there  is  nothing  to  be  found  but  sand,  with 
or  without  gravel  or  stones  ; but  opposite  to  the  entrance  of  the  Bristol 
Channel,  and  in  the  deeper  water  south  of  Ireland  and  west  of  the 
Scilly  Islands,  there  are  large  deposits  of  mud  surrounded  by  sand,  the 
mud  continued  in  narrow  arms,  which  stretch  out  into  the  Atlantic, 
where  it  apparently  blends  with  oaze  that  may  probably  be  of  organic 
origin.  In  the  German  Ocean,  in  like  maimer,  mud  is  found  only  in 
the  central  and  deeper  parts,  between  Denmark  and  the  Dogger  Bank, 
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and  in  the  mouth  of  the  Ihiltic,  between  Denmark  and  Noru'ay,  all  the 
seas  within  some  miles  of  the  shore  having  a sandy  bottom. 

Off  the  west  coast  of  Ireland  there  ai*e  some  tracts  of  bare  rrjck, 
some  of  sand,  and  some  of  mud,  at  tlie  bottom  of  the  sea  Some  of 
the  charts  which  I have  recently  coloured  according  to  the  natui-e  of 
the  bottom,  are  highly  instmctive,  as  shelving  the  way  in  wdiich  these 
median iciilly  derived  mateiials  are  dejiosited  in  oiu^  present  seas. 

Remits. — It  results  from  even  such  a hasty  and  rapid  glance  as  we 
have  just  thrown  over  the  principal  mechanical  powci’s  of  moving  water 
that  are  daily  and  hourly  at  work  around  us,  that  we  begin  to  acquire  the 
notion  that  we  are  living  in  a l ast  workshop,  and  that  all  the  earthy 
matters  we  see  about  us,  the  mud,  the  clay,  the  soil,  the  dust,  the  sand, 
the  gravel,  and  the  boulders,  are  only  so  much  raw  material  in  process 
of  manipulation.  They  may  be  likeneil  to  the  refuse  and  the  chips  of 
some  viist  manufactory.  Tliey  are  the  buihling  materials  of  stratified 
rocks,  which  are  Ixjing  carried  fn)in  the  fiuarry  hi  the  place  of  constnic- 
tion,  much  being  dropped  and  scattered  by  the  way.  Every  pebble, 
ever}^  grain  of  sand,  every  atom  of  mud,  is  a fragment  of  a pre-existing 
rock,  removed  at  some  period  of  past  time,  and  destined  ultimately  to 
enter  into  the  structure  of  some  other  rock  in  the  future. 

Tliis  building  metaphor  might  be  earned  still  farther  when  we 
come  to  speak  of  the  chemically  formed  rocks,  since  many  of  the 
mechanical  deposits  are  bound  together  by  cements  and  mortars  which 
are  more  or  le-ss  identical  in  composition  with  those  used  in  architecture. 


DESCRimON  OF  MECHiVNICALLY-FORMED  ROCKB. 

51.  Conr/lomeratfy  Puddinfjstone^  Breccia. — In  the  preceding  pagea, 
we  have  mentionetl  the  methotl  of  fonnation  of  pebbles,  gravel,  and 
shingle,  in  rivers  and  along  sea-coasts.  \Vlien  those  materials  are  com- 
pacted together  into  stone,  they  are  called  coneflomerate  or  jmddiiaf- 
stmie  if  the  pebbles  are  round,  breccia  if  the  fragments  are  shaq)  and 
angular. 

The  pebbles  may  consist  of  any  substance  whatever  ; but  they  are 
most  commonly  composed  either  of  quartz,  quartz  rock,  or  some  very 
siliceous  mineral.  This  is  partly  the  result  of  the  greater  abundance  of 
siliceoiLs  over  other  mineral  matters  in  the  composition  of  i-ock  gene- 
rally ; l)ut  it  also  arises  from  the  greater  durability  of  quartzose  sub- 
stances, and  from  their  mode  of  fracture.  Pure  silica,  or  highly  siliceous 
minerals,  are  not  so  easily  di.ssolved  by  water,  or  by  any  other  commonly 
occurring  solvent,  as  those  which  contain  lime  or  other  earths  and  alka- 
lies. On  the  other  hand,  ejuartz  and  quartz  rock,  and  similar  substances, 
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though  very  hard,  are  often  rather  brittle  ; and  they  break  into  squarish 
or  cubical  lumps,  rather  than  into  plates  or  slabs.  These  squarish 
lumps  are  soon  converted  by  motion  in  water,  and  the  consequent 
roimding  of  their  angles,  into  more  or  less  globular  pebbles,  and  are 
therefore  set  in  motion  with  comparative  facility. 

Hence  it  results  that,  by  “conglomerate”  alone  we  usually  imder- 
staud  a mass  of  quartz  pebbles  bedded  in  quartzose  saiul,  and  that  when 
the  pebbles  consist  of  limestone  or  of  trap,  of  slate,  schist,  or  other  rock, 
the  rock  Ls  spoken  of  as  calcareous  or  trappean  conglomerate,  etc. 

Tlie  degree  of  ijiduration  or  consolitlation  in  conglomerates  vaiies 
greatly.  Some  seem  to  have  been  consolidated  by  simple  pressure  ; 
and  fiom  these  the  pebbles  may  often  be  removed  by  a slight  blow  with 
tlie  hanuner,  or  even  by  the  knife,  the  form  or  mould  of  the  pebble 
remaining  in  the  little  film  of  sand  which  fills  up  all  the  interstices 
between  the  larger  fragments.  Sometimes  the  conglomerate  has  been 
bound  or  cemented  together  by  calcareous,  ferruginous,  or  siliceous 
infiltrations,  the  matrix  in  which  the  pebbles  lie  being  a.s  hard  and 
indestructible  as  the  pebbles  themselves,  a blow  udth  a hammer  break- 
ing the  pebbles  ixs  easily  as  the  mass  of  the  ix»ck  in  which  they  are 
embedded. 

The  size  of  the  fragments  in  conglomerates  and  breccias  varies 
greatly.  In  some  rarer  cases,  blocks  of  as  much  us  two  feet  in  diameter 
occur ; but  the  more  ordinary  sizes  ai-e  from  that  of  a man’s  head  to 
that  of  walnuts.  Below  that  size,  the  rock  begins  to  pass  into  the 
coarser  varieties  of  sandstone. 

62.  Sandstone  and  Oriistone. — The  remarks  as  to  the  u.smilly  quartz- 
ose character  of  conglomerates  hold  good  also  with  respect  to  sandstones. 
The  very  process  by  which  fragments  of  rock  are  rounded  produces 
sand,  as  the  waste  resulting  from  their  attrition.  Pebbles  themselves 
also  are  gradually  broken  or  dimini.^hed  into  grains  of  sand. 

Sandstone  is  nothing  else  but  Siind,  compacted  uito  solid  stone. 
The  grains,  both  of  sand  and  sand.stone,  generally  consist  of  (piartz, 
sometimes  clear  and  colourless,  sometimes  dull  white,  sometimes  yellow, 
brown,  red,  or  green.  Tlie  red  colours  are  usually  the  result  of  the 
covering  of  each  little  grain  with  peroxide  of  iron,  which  sometimes 
acts  as  a 'cement  to  the  stone,  serving  to  bind  the  particles  together. 
The  green  colours  are  commonly  derived  from  silicate  of  iron  ; and  the 
green  and  red  are  often  intermingled,  in  consequence  of  the  change  of 
the  iron  from  the  condition  of  a silicate  to  that  of  a peroxide. 

The  size  of  the  grains  varies  from  that  of  a pea  to  the  minutest 
particle  visible  to  the  naked  eye,  many  sandstones  and  gritstones  even 
requiring  a lens  in  order  to  distinguish  the  particles  of  wliich  they  are 
composed. 
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The  materials  are  also  various,  as,  along  with  grains  of  quartz,  may 
occur  grains  and  particles  of  any  mineral  substance  whatever. 

Feldspathic  Mudstone. — Grains  of  feldspar,  distinguishable  by  their 
dull  white  colour  and  peculiar  appearance,  occur  abundantly  in  some 
sandstones,  which  may  then  be  called  feldspathic  sandstones. 

Micaceous  Sandstone. — Flakes  and  spangles  of  mica  are  rarely  alto- 
gether absent ; and  in  many  sandstones  they  occur  so  abundantly,  and 
in  such  regular  seams,  as  to  cause  the  rock  surfaces  to  glitter,  and  the 
rock  itself  often  to  split  into  thin  plates  and  slabs.  These  arc  called 
micaceous  sandstones. 

Calcareous  Sandstone. — When  grains  of  limestone  occur  in  any 
remarkable  proportion,  the  rock  may  be  called  a calcareous  sa^idstone, 
though  this  designation  is  often  applied  to  sandstones  the  quartzose  or 
other  grains  of  which  are  bomid  together  by  a cement  of  carbonate  of 
lime,  either  invisible  to  the  eye  or  occurring  as  a network  of  little  veins 
and  strings  of  crystalline  carbonate  of  lime  running  throughout  the 
stone. 

Calcareous  sandstones  are  often  called  comstones^  and  the  amoimt  of 
calcareous  matter  is  sometimes  so  great  as  to  cause  them  to  pass  into 
actual  limestone. 

The  weathered  surface  of  a comstone  or  calcareous  sandstone  is 
often  curiously  rotten  and  soft,  and  of  a dark  brown  colour,  the  disin- 
tegration of  the  rock  being  due  to  the  solution  and  I’cmoval  of  the 
carbonate  of  lime,  and  its  dark  colour  to  the  peroxidation  of  the  iron 
contained  in  it. 

Argillaceous  Sandstone  is  a term  not  often  used,  nor  is  it  very  often 
applicable,  though  many  rocks  contain  various  mixtures  of  sand  and 
clay.  In  some  sandstones,  little  flat  rounded  patches  of  clay,  more  or  less 
indurated,  occur.  Similar  little  patches  of  clay  may  be  seen  on  sandy 
shores,  either  originally  dejwsited  there  in  little  hollows,  or  rolled  as 
clay  pebbles  from  some  bed  of  clay.  In  quarrying  sandstone,  these 
clay  patches  are  commonly  called  “ galls  ” by  the  workmen.  In  highly 
indurated  grits,  they  sometimes  assume  the  form  of  pebbles  of  slate y 
though  the  slaty  appearance  may  often  have  been  acquired  from  the 
subsequent  induration,  and  not  before  they  were  embedded  in  the  sand- 
stone. These  patches  of  clay  or  apparent  fragments  of  slate,  sometimes 
give  to  the  rock  the  apjKiarance  of  a breccia,  composed  of  pieces  of  hanl 
slatv  rocks  embetlded  in  sandstone. 

•r 

Pseudo-crystalline  Sandstom. — Among  sandstones  derived  from  hard 
crystalline  igneous  rocks,  it  may  sometimes  not  be  easy,  at  first  sight, 
to  distinguish  between  the  sandstones  and  the  rocks  from  wliich  they 
are  derived.  If  the  crystals  of  the  one,  after  being  disintegrated,  become 
compacted  together  again  before  their  angles  are  much  worn,  and  retain 
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undiminished  the  lustre  of  some  of  their  facets,  and  the  sandstone  or 
gritstone  thus  composed  be  very  hard  and  intractable,  pieces  of  it  might 
easily  pass  for  an  actual  igneous  rock.  In  most  cases,  however,  the 
particles  of  the  trap  rock  are  much  decomposed  before  they  enter  into 
the  composition  of  the  sandstones ; and  the  only  mistake  that  could 
then  be  made  between  them  would  result  from  a hasty  glance  at  the 
weathered  surfaces  of  the  two. 

Trajipean  Sandstonesy  or  volcanic  GriUy  composed  of  particles  derived 
from  the  decomposition  of  greenstones  and  basalts,  consists  principally 
of  grains  of  feldspar  and  hornblende,  which  have  commonly  lost  all 
their  external  crystalline  appearance.  Quartzose  grains  and  mica  flakes 
derived  from  other  soiirces  are,  however,  often  mingled  with  those 
substances  in  such  sandstones,  and  serve,  even  in  the  most  crystalline- 
looking  varieties,  to  distinguish  them  from  trap  rocks. 

The  difference  between  a “ trappean  or  volcanic  ash,”  and  a “ trap- 
pean  or  volcanic  sandstone,”  consists  in  tliis,  that  the  materials  of  the 
ash  were  derived  from  the  igneous  outburst,  and  were  deposited  at  the 
same  time  \sdth  the  trap  or  lava  from  which  they  were  derived,  or 
immediately  before  or  after  that  was  poured  out ; whereas  the  trappean 
santlstone  is  merely  the  result  of  the  abi*asion  and  erosion  of  an  igneous 
rock  at  some  long  subsequent  period,  when  it  became  exposed  to  the 
action  of  moving  water,  together  with  the  other  rocks  among  which  it 
lies. 

In  some  cases  doubtless,  it  may  happen  that  “ trappean  sandstones,” 
or  “volcanic  grits,”  put  on  the  appearance  of  trappean  or  volcanic 
“ashes;”  and  it  would  then  be  impossible  to  distinguish  between 
the  two  kinds  of  rock,  and  say  which  accompanied  the  igneous 
outburst,  and  which  was  derived  from  the  subsequent  abrasion  of  the 
cooled  igneous  rock.  These  instances,  however,  are  more  rare  than 
they  might  be  supposed  to  be. 

Distinction  betxceen  Sandstone  and  Oritstone. — The  difference  between 
sandstone  and  gritstone  is  a vague  and  indeterminate  one,  which  must 
necessarily  be  the  case  when  the  things  themselves  are  so  various  and 
often  capricious  in  composition  and  texture.  The  term  gritstone  is 
perhaps  most  applicable  to  the  harder  sandstones,  which  consist  most 
entirely  of  grains  of  quartz,  most  finnly  compacted  together  by  the  most 
purely  siliceous  cement.  Tlie  angularity  of  the  particles  caimot  be 
taken  as  a character,  since  the  rock  commonly  called  “ millstone  grit  ” 
is  generally  composed  of  perfectly  round  grains,  sometimes  as  large  u.^ 
peas,  and  even  larger  ; the  stone  then  commencmg  to  pass  into  a con- 
glomerate. 

Local  Terms. — There  are  many  local  terms  used  by  quarrymen  and 
miners  for  different  varieties  of  sandstones  ; 
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liock  is  used  generally  to  denote  any  hard  sandstone.' 

Rotchy  or  rochey  is  generally  used  for  a softer  and  more  fiiable  stone. 
Hubble  is  rough  angular  gravel,  either  loose  or  compacted  into  stone. 
Hazel  is  a north  of  England  term  for  a hard  grit. 

Post  is  a northern  term  for  any  l>ed  of  firm  rock,  geiiemlly  sandstone. 
Peldon  is  a South  Staffordshii*e  tenii  for  a hanl,  smooth,  flinty  grit. 

Call  tardy*  or  yalUardy  is  a northern  tenn  for  a similar  rock. 

CatshmiHy  the  fonii  of  adcareous  sandstone  in  which  the  rock  is  tra- 
versed hy  little  branching  veins  of  carbonate  of  lime. 

Freestone  is  a term  in  general  use,  which  is  often  applied  to  sandstone, 
but  sometimes  to  limestones,  and  even  to  gi’anite,  us  in  the  coimties 
of  Dublin  and  Wicklow.  It  means  any  stone  which  works  eipially 
freely  in  every  diivction,  or  has  no  tendency  to  split  in  one  direc- 
tion more  than  another. 

Flayxtoney  on  the  contrary,  means  a stone  which  splits  moi-e  freely  in 
one  direction  than  any  other,  that  direction  being  along  the 
original  lines  of  dei)osition  of  the  rock.  These  stones  are  ordinarily 
sandstones,  though  often  very  ai'gillaceoiis,  and  some  flagstones  ara 
perha]>s  rather  indurated  clay  in  thin  Ixids  than  sandstone.  Tliin- 
bedded  limestones  may  likewise  ofnm  be  called  flagstone. 

Consolidation  of  &indstone. — Sandstone,  like  conglomerate,  may 
have  been  consolidated  either  by  simi)le  pi’essure  continued  for  a long 
])eriod  of  time,  by  ])res.sure  combined  with  an  elevation  of  temix?rature, 
by  tlie  infiltration  of  mineral  matter  in  solution,  or  by  the  j^artial  fusion 
or  solution,  and  subsequent  reconsolidation  of  some  of  the  particles 
composing  it,  or  histly,  by  a combination  of  two  or  more  of  these 
actions. 

Some  of  the  l(X)se  tertiary  t sands  of  the  north  of  France,  .such  as 


* Mr.  Pnge,  in  Ills  .\ilvnnc«?d  Text-tiook,  wiiich  on  several  accounts  w well  worthy  of  the 
student's  i>enisal,  opiw>ses  the  introduction  of  these  local  terms.  1 would,  on  the  contrary, 
recommend  their  wider  and  more  general  use,  not  only  as  facilitating  the  intercourse 
hetweeu  selentlllc  geologists  and  our  working  hrethren  of  the  hammer,  hut  as  licing  often 
In  themselves  more  definite  and  precise  iu  their  shades  of  meaning,  as  well  as  shorter,  than 
our  cmmlmms  periphrases  of  Latin  tenns.  Many  goiMl,  shoit,  clear,  ami  genuine  Saxon 
names  for  natural  objects,  have  liecn  most  unadvisedly  allowed  to  fall  Into  desuetude.  As 
an  instance,  we  need  only  mention  the  following  for  forms  of  ground  : — 

Scar  or  Scaur,  A long  line  of  cliff. 

Torr,  A rocky  pinnacle. 

/.or/v,  A round  bare  hill,— the  Welsh  moel. 

Clcugh,  A roundish  mountain  glen,  tlie  tenninatiou  sumnnded  by  steep  hills. 

Strath,  Tlic  alluvial  Hat  in  the  bottom  of  a valley. 

Fell,  A flat  topped  range  j)f  hills,  whether  a ridge,  or  the  edge  of  a table-land. 

Tarn,  A lake  in  a clengh. 

t The  term  “ tertiary,"  is  one  tliat  will  be  explained  hereafter,  it  relates  to  the  perio<l  at 
whi<  h the  rock  wa.s  fonjjed,  and  has  no  reference  to  the  quality  or  nature  of  the  rock. 
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the  Sable  de  Fontainebleau,  and  the  Sable  de  Beauchamp,  exhibit  these 
actions  in  a verj'  remarkable  way. 

The  Sable  de  Fontainebleau  is  a pure  white  siliceous  sand.  It  is 
covered  in  some  places  by  beds  of  a freshwater  limestone  called  the 
Calcaire  de  Beauce.  Water  containing  carbonate  of  lime  in  solution, 
derived  either  from  tliis  limestone,  or  from  other  sources,  ])ei’colates 
through  the  sand,  and  deposits  the  lime,  binding  the  sand  either  into 
globular  concretions,  or  even  into  rhombohedral  cr}^stals,  such  as  carbonate 
of  lime  ordinarily  fonns.  Besides  these  smaller  concretions,  other  large 
jxxrts  of  the  sand  have  been  compacted  together,  either  at  the  time  of 
deposition,  or  subsequently,  into  a very  hard  white  gritstone,  which  is 
extensively  used  as  a paving  stone  in  the  db<tricts  where  it  occiu*s. 
This  Gres  de  Fontainebleau  forms  picturesque  crags  and  precipices,  all 
the  more  striking  jHii-haps,  from  thcii'  contrast  witli  the  loose  and  easily 
removed  sand  in  which  the  beds  and  other  irregularly  formed  masses 
of  the  consolidated  rock  occur.  The  cementing  substance  of  this  sand- 
stone is  not  tdways  carbonate  of  lime,  since  in  some  cases  the  quartzose 
gimus  appear  to  be  bound  together  by  a siliceous  cement,  as  if  the  per- 
colating water  had  contained  dissolved  silica.  This  is  obviously  the 
ca.se  in  one  variety,  a glittering  rock  being  produced,  greatly  resembling 
ordinary  quartzite,  only  more  white  and  lustrous ; this  variety  is  called 
“ gres  lustree,”  or  lustroiLs  grit. 

The  Gres  de  Beauchamp  consists  of  similar  locally  consolidated  and 
semi-concretionary  lumps  of  sandstone,  occuiTing  here  and  there  in 
loose  sand.  On  the  plains  north  of  Meulan,  these  lumps  of  gritstone 
ara  discovered  by  “ sounding  ” or  piercing  the  loose  sands  "snih  an  iron 
rod,  and  tliey  are  then  extracted  and  broken  into  square  blocks,  and 
used  for  forming  the  roads  of  the  coimtiy. 

Tliese  tertiary  gi'its  are  often  as  hard  and  intractable,  and  break 
with  as  splintery  a fracture  under  the  hanmier  of  the  geologist,  as  the 
grits  he  is  accustomed  to  meet  with  among  the  oldest  rocks  of  the 
British  mountains. 

Gradatiom  from  Saiuhtmie  into  Clay. — When  among  the  materials 
of  a sandstone  there  occur  any  containing  a notable  proportion  of 
aliuuina,  which  may  be  known  by  the  earthy  odour  given  out  when 
the  rock  is  breathed  upon,  we  have  the  constituents  for  the  formation 
of  clay,  and  it  only  remains  for  those  materials  to  be  ground  down  into 
tine  powder  and  inLxed  with  water,  either  naturally  or  artificially,  for 
clay  to  be  produced.  While  all  or  any  considerable  portion  of  tlie 
rock  remains  in  the  form  of  distinct  grains,  we  might  call  it  an  aryilla- 
ceom»  sandstone  ; the  pa.ssage  from  that  to  a sandy  clay,  and  then  to  a 
pure  clay  or  shale,  being  often  an  insensible  one. 

53.  Clay. — Perfectly  pure  clay  has  been  already  described  as  a 
hydrated  silicate  of  alimiina.  Tliis  is  the  substance  known  as  “ kaolin,” 
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nr  “ ijorcelain  clay,”  derived  from  tlie  decomposition  of  feldspar,  from 
which  the  silicates  of  j)otash,  soda,  etc.,  have  been  wa.shed  out.  In  some 
;jjmnitic  districts,  the  decomposed  granite  yields  this  substance,  wliich  is 
carriwl  down  by  water,  and  deposited  in  hollows,  the  quartz  and  mica 
being  often  left  behind  in  the  state  of  loose  sand. 

The  ingredients  of  j)ure  ])orcelain  chiy  are  also  sometimes  derived 
from  other  rocks,  ixs  at  Rostellan,  in  Cork  Harbour,  where  the  highly 
inclined  bottom  beds  of  the  Carboniferous  limestone  afford  them  in  con- 
sidei-iible  abimdance.  The  rock  is  a siliceous  and  argillaceous  limestone 
tliough  no  distinct  no<lules  or  seams  of  chert  are  visible  in  the  adjacent 
beds),  and  ov'er  one  small  district  the  lime  ha.s  been  almost  entirely 
removed,  leaving  the  silica  and  alumina  behind  in  the  state  of  a crumb- 
ling powdery  mass,  which  is  mther  largely  exported  to  the  English 
]>otteries. 

Common  clay,  besides  being  mixed  in  variable  proportions  ^rith 
sand,  is  often  largely  coloiued  with  oxide  of  iron,  and  mingled  with 
many  impurities.  Any  ver}"  finely  divided  mineral  matter,  which  con- 
tains from  ten  to  thii-ty  per  cent  of  alumina,  and  is  consequently 
plastic,”  or  capable  of  retaining  its  shape  on  being  moulded  and 
pressed,  would  commonly  be  called  clay. 

These  clays  have  a number  of  varieties,  of  which  the  following  are 
the  i)rincipal : — 

Pipe  clay^  free  from  iron,  white,  nearly  pure. 

Fire  claij^  nearly  or  ([uite  free  from  iron,  and  from  lime  or  alkalies,  often 
containing  carbon,  which  does  not,  however,  prevent  its  forming 
bricks  that  will  shmd  the  heat  of  a furnace.  It  is  probable  that 
in  good  fire-clays  the  silica  and  alumina  exist  in  just  that  definite 
proportion  which  would  fonn  a true  silicate  of  alumina. 

Shale,  regularly  lammatcd  clay,  more  or  less  indurated,  and  splitting 
into  thin  layers  along  the  original  laminao  or  planes  of  deposition 
of  the  rock.  It  was  fonnerly  Ciilled  slate  clap,  as  distinguished 
from  clay  slate.  The  colliers’  and  quarrjunen’s  terms  for  shale 
arc  Bind,  or  Bluebind,  Metal,  Plate,  etc.  Y\Tien  very  fine,  and 
containing  a large  proportion  of  carbonaceous  matter,  the  collier 
calls  it  Batt  * or  Bass,  the  geologist  carbonaceous  (or  liituminous) 
shale,  and  the  coal  merchant  often  “ slate.”  In  Scotland  the  col- 
lier’s tenn  for  shale  is  “ blaes,”  or  “ blues,”  the  shales  being  often 
bluish  gmy.  When  lumpy,  they  are  called  “ lipey  blaes.”  Black, 
aigillaceous  shales  (or  batts)  are  called  “ dauks  “fekes,”  or 

• This  term  of  “ batt"  Is  commonly  applied  in  South  Staffordshire  to  a lump  of  shaly 
coal,  which  will  not  continue  to  burn  in  the  tli'c,  and  therefore  soon  betiomea  ash,  and  is 
consequently  of  little  worth,  the  wonl  has  gone  out  of  general  use  in  the  English  language 
except  in  composition,  whore  it  is  retained  in  the  word  “ brick-bat  ” for  the  broken  end  of  a 
brick. 
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gray  fekes,”  seem  tn  be  sandy  shales  such  us  would  be  called 
“rock  binds”  in  South  Staflbnlshira. — (See  WiUuims's  Mineral 
Kingdom.)  In  the  south  of  Ireland  carbonjiceous  shale  is  called 
“ kelve,”  or  “pindy”  and  indurabHl  slaty  shale  is  ternie<l  “pinsill,” 
or  “jK'iicil,”  as  it  is  usetl  often  for  slate  ])encils.  “Slig  or  sliggeen” 
is  ah»<j  used  iiuliscriininately  for  shale  and  slate  in  the  south  of 
Ireland.  ' * 

Clunch  is  a common  name  for  a tough,  more  or  less  indurated,  clay, 
often  very  sandy. 

Loam  is  a soft  and  friable  mixture  of  clay  and  sand,  enough  of  the 
latter  being  present  for  the  mass  to  be  i>ermeable  by  water,  and 
to  have  no  phusticity. 

Sfarl  is  properly  calcareous  clay,  which,  when  dry,  breaks  into  small 
cubical  or  dice-like  fi-agments.  Many  clays,  however,  are  com- 
monly but  erroneously  called  marks,  which  do  not  contain  lime. 

Shell  marl  is  the  marl  found  at  the  bottom  of  an  old  pond  or  lake, 
obviously  fonned  from  the  decomposition  of  shells,  some  of  whicli 
may  often  be  seen  in  it. 

Argillaceous  /agstone  is  an  indurate<l  sandy  clay  or  clayey  sandstone, 
which  splits  naturally  into  thick  slabs  or  Hags. 

Clag  slate  is  a metamoi’jdiosed  clay,  differing  fn)m  shale  in  having  a 
suiK*rinduced  tendency  to  s})lit  into  thin  plates,  which  may  or 
may  not  coincide  with  the  original  lamination  of  the  rock.  It 
will  be  more  particularly  described  among  the  metamorphic  rocks. 

Mud  and  silt  are  the  incoherent  and  (piite  unconsolidated  materials  of 
some  fonn  of  argillaceous  rock,  either  clay,  shale,  loam,  or  marl, 
according  to  circumstances, 

Clag-rock  is  a name  that  is  sometimes  required  to  designate  a highly 
indurated  mass  of  pure  clay,  not  soft  enough  to  be  plastic  without 
grinding  and  mLxing  in  water,  and  not  laminated  os  shale,  nor 
cleaved  as  slate. 


CHAPTER  VI. 


AQUEOUS  ROCKS,  CHEMICALLY  AXD  ORGANICALLY  FORifED. 

Preliminary  Observations  on  their  Oriyin. 

Before  entering  on  tjie  description  of  these  rocks,  it  will  Ijc  useful 
briefly  to  consider  the  nature  and  action  of  the  forces  conceraed  in 
their  prcKluction.  I shall  take  as  my  piincijud  guide  in  this  examina- 
tion Bischofs  “ Chemical  and  Physical  Geohjgy,”  as  translated  for  and 
published  by  the  Cavendish  Society. 

Carbonate  of  Lime. — When  speaking  of  the  minend  Csdcite,  it  was 
mentioned  that  carbonate  of  lime  is  nearly  insoluble  in  jmre  water, 
Init  that  if  the  water  conta.in  curbonic  acid  gas,  the  mineral  is  easily 
dissolved  by  it,  either  in  consequence  of  some  special  solvent  jmwer  in 
water  so  impregnatcMl,  or  in  consequence  of  the  carbonate  being  con- 
verted into  a soluble  salt  (never  yet  seen  in  a solid  state)  in  the  form 
of  a bicarbonate  or  sescjuicarbonatc  of  lime. 

Carbonic  Acid  Gas  in  Water. — Rain  water  and  snow  contain  .small 
quantities  of  cmbonic  acid  derived  from  the  atmosphere,  and  ac«|uire 
more  in  sinking  through  the  soil. 

If  water  in  sinking  into  the  earth  meets  with  carbonic  acid  gas, 
rising  from  the  interior,  it  becomes  satunited  with  it,  and  carbonate<l 
springs  are  produced.  The  waters  of  springs,  rivers,  and  lakes,  thei-e- 
forc,  always  contain  some,  and  probably  a very  variable  amount  of 
carbonic  acid  gjis. 

Tlie  watei*s  of  the  European  seas,  according  to  Vogel  and  Bischof, 
contain  from  7 to  23  jjarts  by  weight  of  carbonic  acid  gas  in  the  100, ()()(> 
of  water.  But  from  experiments  made  in  the  French  ship  “ BoniU*,”  in 
the  South  Sea  and  Indian  Ocean,  only  from  0.4  to  3.0  parts  by  weight 
in  the  100,000. — {Bischof,  vol.  i.,  p.  115,  note.)  It  was  a]>parently 
itstablished,  however,  by  the  latter  exj)erimenta,  that  the  quantity  of  air, 
and  especially  of  carbonic  acid  gas,  increased  with  the  depth  from  which 
the  water  was  Uiken. 

Carbonate  of  lime  in  fresh  ‘icater. — Tlie  quantity  of  carbonate  of 
lime  held  in  solution  by  water  containing  carbonic  acid  gas  is  likewise 
very  variable.  In  springs  it  may  occasionally  reach  the  point  of  satu- 
mtion,  which  is  about  105  parts  in  the  hundred  thousand. 
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In  tlie  rivers  of  Great  Britain  and  Western  Europe,  the  quantity  of 
mineral  matter  held  in  solution  varies  from  4 to  55  parts  in  100,000 
parts  of  water,  the  mean  quantity  being  22.  Of  this  mineral  matter 
one  half  is  conmionly  cai’bonate  of  lime,  the  least  proportion,  or  35 
per  cent,  being  found  in  the  Loire,  the  greatest  82  to  94  per  cent  in 
the  Rhone,  at  Lyons.  The  quantity  of  mineral  matter  in  the  Tliames, 
near  London,  is  33  in  the  100,000  parts  of  w'ater,  15  of  which,  or  40 
per  cent,  are  carbonate  of  lime.  Bischof  calculates  that  if  the  mean 
<iuautity  of  carbonate  of  lime  in  the  Rhine  be  assumed  as  9.46  in 
100,000  of  water,  which  it  is  at  Bonn,  then,  according  to  the  quantity 
of  water  estimated  by  Hagen  to  flow  at  Emmerich,  enough  carbonate  of 
lime  is  carried  into  the  sea  by  the  Rhine,  for  the  yearly  formation  of 
three  hundred  and  thirty-two  thousand  millions  of  oyster  shells  of  tlie 
usual  size.  If  we  allow  two  square  inches  for  each  oyster  to  .stand 
upon,  and  that  three  oysters  one  above  another  would  be  one  inch  high 
(quantities  within  the  truth),  then  this  number  of  oysters  w’oiild  fonn  a 
cube  of  560  feet  in  the  side,  or  they  would  make  a square  layer  a foot 
thick  and  upwards  of  two  miles  in  the  side. 

Carbonate  of  Lime  in  the  Sea. — Notwithstanding  the  vast  quantity 
of  carbonate  of  lime  thus  carried  down  into  the  sea,  obsen^ation  shews 
that  the  quantity  to  Ixj  found  in  sea  water  is  commonly  very  small. 
In  most  analyses  of  sea  water  it  is  not  mentioned  at  all.  Sea  water 
from  Carlisle  Bay,  Barbadoe.s,  contained  10  parts  in  100,000  ; sea 
water  from  between  England  and  Belgium,  only  5.7  parts  in  100,000. 
In  the  open  .sea,  at  a distance  from  any  laud,  it  i.s  .said  to  l>e  rarely  if 
ever  di.scoverable  by  analysis. 

Tlie  smallne.ss  of  the  quantity  to  be  found  in  sea  water,  compared 
with  tliat  in  almost  all  rivers,  is  doubtleas  owing  to  the  ([uantity  of 
carbonate  of  lime  constantly  ab.stracted  from  sea  water  by  man’ne 
animals,  in  order  to  form  their  shells  and  other  hard  parts. 

When  we  consider  the  vast  number  and  variety  of  fi.sh  and  of  mol- 
lusca,  Crustacea,  echinodermata,  and  polyps  that  inhabit  the  sea,  and 
especially  when  we  look  at  the  enormous  bulk  of  the  coral-reefs  that 
are  found  within  the  tropics,  we  shall  lie  in  no  danger  of  under-t*sti- 
mating  the  va.st  amount  of  carbonate  of  lime  annually  abstracted  from 
the  ocean.  That  it  is  abstracted  more  in  one  part  than  another,  and 
Vet  the  ocenn  maintains  a nearly  eipial  average,  ^\dll  not  be  surjirising 
when  we  reflect  on  the  extent  of  the  great  currents  that  traverses  the 
sea,  and  look  ujxm  the  entire  ocean  as  one  va.st,  slowly  circulating 
sy.stem  of  moving  water. 

Formation  of  Limestone  from  Fresh  Water. — When  water  containing 
<*arbonate  of  lime  in  solution  sutlers  from  evaporation,  each  drop  of 
water  loses  both  water  and  carbonic  acid  gas,  thus  becoming  gi*adually 
saturated  with  the  carbonate  of  lime  without  gaining  any  increase  in 
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Kolvent  iMjwer.*  When,  then,  the  evaporation  is  continued  beyond  the 
j)oint  of  saturation,  some  of  the  dissolved  carbonate  of  lime  must 
necessarily  be  deposited  in  a solid  form  on  the  solid  substance  over 
which  the  water  passes,  or  on  tliat  which  it  has  previously  dejx)sited. 
Drops  of  such  water  hanging  from  the  roof  of  a cavern,  or  other  similar 
])lace,  may  be  observed  to  be  coated  over  with  a deliaite  fibn  of  cai-bonate 
of  lime,  bke  the  finest  tissue  paper.  This  gradually  forma  a little  tube, 
which  may  be  seen  sometimes  to  acquire  a length  of  some  biches,  still 
retaming  all  its  fragility,  until  water,  trickling  down  the  outside  of  it, 
strengthens  it  by  the  addition  of  successive  external  coats. 

Water,  then,  trickling  from  the  roof,  or  down  the  sides,  or  along  the 
floor  of  limestone  caverns,  will  fonn  long  icicle-like  pendants  hanging 
from  the  roof,  or  columns  rising  from  the  flofir,  wherever  the  water  con- 
tinues to  di-op  long  enough  in  one  pailicular  spot.  Veilical  sheets  of  it 
may  even  be  formed  when  the  water  oozes  from  a long  joint  or  crevice 
in  the  roof.  The  pait  hanguig  from  the  roof  is  called  stalactite  ; that 
on  the  floor  stalagmite.  Stalactites,  even  when  some  feet  long,  and 
several  inches  in  diameter,  are  often  found  with  the  little  original  central 
tube  still  oj)en,  since  even  if  water  pass  down  it,  no  evaporation  can 
take  place  in  it. 

Tlie  limestone  thus  formed  is  commonly  white  or  i)ale  yellow,  sub- 
crystalline, often  fibrous,  and,  when  thin,  semi-transjwirent  or  translucent. 
Some  stalactites,  while  they  retain  their  concentric  rings,  shewing 
the  way  in  which  they  were  fonned  by  coat  over  coat,  are  nevei1heles.s 
]K*rfectly  crystalline  internally.  I have,  indeed,  never  seen  any  altered 
limestone  so  lai^'ely  and  beautifully  ciystallised  as  are  some  of  the 
stelactites  from  the  caves  near  Mitchellstown,  in  the  south  of  Ireland, 
each  crj’.stul  jmssing  through  many  concentric  coats  of  the  sbilactite. 

Stalactites  may  often  be  seen  under  the  arches  of  bridges,  vaults, 
or  aqueducts,  esp<rcially  if  the  stone  of  which  they  are  built  be  lime- 
.‘?tone.  Sometunes  they  are  even  derived  from  the  airbonate  of  lime 
containe<l  in  the  morUir  or  cement  used  in  their  construction. 

TravertviCy  or  calcareous  tufa^  is  dep<»sit(Kl  by  exactly  the  same 
proce.s8  on  the  maigins  of  springs  or  on  the  banks  of  livera  and  the 
sides  of  wateifalls,  or  wherever  water  containing  carbonate  of  lime  in 
solution  is  brought  into  circumstances  where  rapid  evaporation  am  take 

* Bigchof  (vol.  ill.,  i».  171)  saj’s  tliat  tlie  nmxiimun  amount  of  carl>onnto  of  lime  tliat  can 
be  diaaolved  in  water  saturated  with  carl*onic  acid  is  0.1  ihm-  cent,  but  tliat  water  contain- 
ini$  only  one-tenth  n.s  much  carbonic  acid  as  a saturated  solution,  would  dissolve  Just  as 
much  carbonate  of  lime  as  a saturated  solution  wouhl  even  if  it  were  under  high  pn-ssure. 
The  existence  of  carbonated  s]iriugs,  therefore,  is  not  at  nil  necessary  for  the  deposition 
either  of  stalactites,  travertine,  or  calc  spar  in  veins,  since  ordinarj'  meteoric  water  will 
contain  <inite  enough  carbonic  acid  for  the  solution  of  carlmnate  of  lime,  even  to  saturation 
of  the  water  with  that  mineral,  while  the  less  the  ovendus  of  the  acid  the  more  readily  will 
the  mineral  dei>oaitlon  take  place. 
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placo.  Sticks  and  twigs  hanging  over  brooks  often  become  coated  with 
it  ; and  the  incrustation  of  birds’  nests,  wigs,  medallions,  and  other 
matters,  by  the  action  of  what  are  called  petrifying  wells,  is  commonly 
known.  In  Italy,  large  masses  of  solid  and  beautiful  travertine  are 
ileposited  by  some  of  the  springs,  so  that  it  is  used  as  a building  stone. 
The  Colos.seum  at  Rome  is  built  of  stone  thus  formed.  The  name 
travertine  is  derived  from  the  Tiber,  meaning  simjdy  Tiber-stone. 
Bischof  says  that  there  are  fifty  springs  near  Carlsbad  giving  out  800,00(> 
cubic  feet  of  water  in  twenty-four  hours,  from  which,  according  ti) 
Walchner’s  calculation,  a mass  of  stone  weighing  200,000  pounds  could 
be  deposited  in  that  time.  ' 

Pipes  to  convey  water,  especially  w’ater  from  boilers,  frequently 
become  choked  up  by  the  deposition  of  limestone,  and  have  to  be 
renewed.  In  some  manufactories,  the  dejwsition  inside  a pii>e  e.xhibils 
a regular  alternation  of  one  white  layer  between  six  dirty  ones,  and  this 
white  one  is  called  the  “ Sunday  streak,”  as  marking  the  deix>sition  on 
the  day  when  no  w’ork  was  going  on,  and  the  water  was  consequently 
clean. 

Fresh-water  Limestones. — Those  limestones  which  have  been  ibnned 
in  fresh-water  lakes,  and  are  called  fresh-water  limestones,  may  nearly 
resemble  travertine  in  their  mode  of  origin,  since  thei-e  is  nothing 
to  forbid  the  suppo.sition  of  tlie  waters  of  lakes  becoming  so  highly 
impregnated  wdth  dissolved  carbonate  of  lime  as  actually  to  d(q>osit  it 
as  a chemical  precipitate.  At  the  same  time,  most  fresh-water  lime- 
stones look  more  like  the  result  of  the  deposition  of  a highly  calcareous, 
rather  clayey  mud,  than  of  a precipitate  of  pure  carbonate  of  lime. 
They  become  then  the  extreme  term  of  marl  or  ciilcareous  clav,  and 
may  be  the  result  either  of  the  disintegration  of  shells,  etc.,  or  of  tlie 
mechanical  action  of  rivers  on  previously  existing  calcareous  rocks,  the 
ciilcareous  mud  thence  derived  being  perhaps  mingled  with  the  detritus 
of  other  rocks  in  gi*eater  or  less  quantity. 

Formation  of  Limestone  in  the  sea. — Bischof  states  that  the  (piantily 
of  free  carbonic  acid  gas  conttiined  in  the  sea,  is  five  times  as  mucli  as 
is  necessary  to  keep  in  a fluid  state  the  quantity  of  carbonate  of  lime  to 
be  found  in  it.  He  argues,  therefore,  that  it  is  impossible  for  any 
carbonate  of  lime  to  be  preci2>itated  in  a solid  foryn  at  the  bottom  of  the 
sea  bp  chemical  action  alone. 

It  is  clearly  impossible  for  any  cvapomtion  of  water  and  gas  to  occur 
to  a sufficient  extent  in  the  sea  for  j)recipitation  to  take  place,  as  it 
does  from  the  waters  just  de.scribed.  We  are  almost  comi)elh?d,  there- 
fore, to  conclude  with  Bischof,  that  all  our  marine  limestones  have  been 
formed  by  the  intervention  of  the  j>ower8  of  organic  life,  separating  the 
little  particles  of  carbonate  of  lime  from  the  water  and  solidifying  them, 
in  order  to  enable  them  to  form  part  of  a solid  rock. 
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There  is  of  course  tlie  possibility  that  tlie  sea  once  contained  a 
nmch  greater  proportion  of  carbonate  of  lime  than  it  does  now,  though 
this  does  not  ai>p04ir  likely  when  we  recollect  that  in  the  e^rrliest  and 
least  fossiliferous  of  our  formations,  tliere  is  a much  smaller  proportion 
of  limestone  than  in  later  and  more  fossiliferous  rocks  ; and  that  even 
in  the  oldest*  limestones,  organic  remains  are  to  be  found. 

If  it  be  impossible  that  carbonate  of  lime  should  be  deposited  on 
the  bottom  of  the  sea  by  any  mere  chemical  agency,  it  follows  that 
we  must  look  for  its  j)roduction  to  that  cause  which  we  know  is 
ca|ialde  of  pro<lucing  it,  namely,  the  power  possesse<l  by  the  organs  of 
animals.  Tlie  .shells  of  Mollu.scous  animals  consist  chiefly  of  carbonate 
of  lime,  so  do  the  crusts  of  the  Crustacea  and  Echinodermata,  and  as 
we  descend  still  lower  to  the  Polyps  and  Foraminifera  we  meet  wdth 
animals  that  secrete  still  lai^'er  rpiantities  of  that  substance,  not  only 
larger  in  proportion  to  their  o>vn  bexlies,  but  much  larger  absolute  bulks 
of  it,  in  consequence  of  their  numbers. 

Although  the  quantity  of  carbonic  acid  gas  in  the  sea  is  so  great  as 
tf)  keep  fluid  all  the  lime  which  is  already  dissolved  in  it,  and  even  a 
good  deal  more  than  sufficient  for  that  purpose,  yet  it  does  not  imme- 
diately exerci.se  its  solvent  powers  on  the  carbonate  of  lime  that  has 
been  secreted  by  the  organs  of  animals,  since  the  organic  structure  seems 
to  protect  it  for  a time  at  least  from  the  mei-ely  chemical  action  of  the 
acid.  Moreover,  the  concentration  of  so  laige  a proportionate  mass  of 
carbonate  of  lime  in  comj)aratively  small  spaces,  would  require  a long 
continued  action  of  currents  of  sea  water  upon  it,  in  onler  to  re-dissolve 
it,  since  no  portion  of  waU^r  could  remove  more  than  one-tenth  per 
cent  of  its  own  bulk.  (Bischof,  vol.  iii.,  p.  173). 

In  the  extra-tropical  seas,  it  Avould  seem  probable  that  Foraminifem 
and  other  allied  animals  are  the  most  active  agents  in  the  secretion 
of  carbonate  of  lime.  In  the  series  of  sounding  operations  lately  con- 
ducted across  the  Atlantic  by  the  officers  of  the  British  and  United 
.Suites  Navies,  preliminarily  to  la>dng  down  the  electric  telegraph,  it 
wa.s  found  that  large  parts  of  the  bed  of  the  Atlantic  were  covered  with 
a calcareous  “ oaze.”  Captain  Dayman,  R.N.,  in  his  Deep  Sea  Soundings 
(publisluxl  by  Potter,  31  Poultry,  1858)  says,  that  “ from  the  coa.st  of 
Ireland  t to  11*^  15'  west  longitude  the  bottom  is  sandy,  and  the  water 
gradually  deepens  to  90  fathoms.  At  the  12th  degree  the  bottom  is 
rocky,  and  the  depth  200  fathoms,  and  from  this  to  13®  15'  w'est 
longitude,  there  is  an  average  depth  of  400  fathoms  with  a muddy 
bottom.  A sandy  fiat  with  a mean  depth  of  200  fathoms  is  foimd  to 

• la  the  highly  altered  linicatones  associated  with  gneiss  and  mica  slate,  wc  could  hardly 
cxjHset  to  rind  traces  of  fossils,  e\'cn  if  they  once  contjiined  them.  Organic  forms  have, 
however,  lately  been  discovered  in  alten;d  limestone  from  some  of  the  gneiss  of  Scotland. 

t Valcntia  Harbour  is  in  10®  16'  west  longitude  or  thereabouts. 
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f'xist  between  13°  30',  and  40*^  30'  west  longitude.  In  14°  48'  west, 
we  have  550  fathoms,  rocky  and  in  15°  6'  west,  1750  fathoms,  oaze."* 

“Between  the  15th  tmd  45th  degrees  of  west  longitude,  lies  the 
dec{)est  part  of  the  ocean  between  Ireland  and  Newfoundland,  varying 
from  about  1500  to  2400  fathoms,  the  bottom  of  which  is  almost 
whoUy  composed  of  the  same  kiml  of  soft  mealy  substance,  which,  for 
W'ant  of  a better  name,  I have  called  oaze.  This  substance  is  remarkably 
.sticky,  having  been  found  to  adhere  to  the  sounding  rod  and  line  through 
its  passiige  from  the  bottom  to  the  surface,  in  some  instances  from  a 
depth  of  more  than  2000  fathoms.” 

Tlie  space  indicated  ecpials  a distance  of  more  than  1300  miles,  in 
which  only  two  e.xceptions  occurred  to  the  above  description  of  “ bot- 
tom.” In  Trinity  Bay,  Newfoundland,  the  depth  varfed  from  90  tr» 
320  fathoms,  the  bottom  being  either  bare  lock  or  fine  blue  or  green 
mud,  sometimes  containing  stones. 

Prc)fessor  Huxley  gives  a description  of  the  oaze  derived  from 
depths  between  1700  and  2400  fathoms  (or  10,200  and  14,400  feet) 
in  the  appendix  to  the  pamphlet  above  mentioned.  He  says,  “ a singular 
imifonnity  of  chaiucter  j>ervades  these  soundings.  As  they  lie  undi.s- 
turbed  they  form  an  exce.ssively  fine  light  brown  muddy  sediment  at 
the  bottom  of  the  bottles  in  which  they  are  preserved  ; but  in  this  mud 
a certain  slight  grittiness  can  be  detected,  arising  from  the  intermixture 
of  minute  hard  particles  (hardly  ever  exceeding  -g^fth  of  an  inch  in 
diameter).  * When  a little  of  this  mud  is  taken  out  and  thoroughly 
dried,  it  becomes  white  or  reddish  white,  and  (though  less  white), 
closely  resembles  very  fine  chalk,  and  fully  nine-tenths,  as  I inuigine, 
by  weight  of  this  deposit  con.sists  of  minute  animal  organisms  called 
Foraminifera,  j)rovided  with  thick  skeletons  composed  of  carbonate  of 
lime.  Hence,  when  a dilute  acid  is  added  to  the  mud,  a violent  effer- 
vescence takes  place,  and  the  greater  part  of  its  bulk  disappears. 

Professor  Huxley  believes  that  85  i>er  cent  of  the  whole  belong  to 
one  species  of  the  genus  Globigerina  ; 5 ]ier  cent  to  other  calcareous 
organisms  of  at  most  four  or  five  .sj)ecies,  and  the  remaining  ten  per 
cent  consists  partly  of  minute  granules  of  rpiartz,  and  partly  of  aninml 
and  vegetable  (diatomacem)  organisms  provided  with  siliceous  skeletons 
and  envelopes. 

It  will  be  seen  from  the  foregoing  description,  that  the  materials 
for  a continuous  bed  of  limestone  with  flint  nodules  are  now  being 
deposited  in  the  North  Atlantic  over  a space  which  is  1300  miles  in 

* Captain  DajTiian  anya  tliat  this  is  “ the  greatest  clip  ’’  or  steepest  inelination  “ in  ihc 
whole  North  Atlantic  ocean.”  The  nuinhcrs  given  above  indicalc  an  “incline”  of  1200 
fathoms,  or  2400  yards,  in  18*  of  longitude,  which  in  latitude  52*  may  be  taken  as  ver>’  nearly 
equal  to  24,000  yards.  This  gives  an  incluiatiou  of  1 in  10,  or  about  6%  a slope  which  on 
«lry  land  would  not  be  too  great  for  a carriage  to  drive  up  or  downi. 
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diameter,  a distance  equal  to  that  from  the  west  coast  of  Ireland  to  tlie 
borders  of  Russia,  or  from  Paris  to  Constantinople.  In  the  second 
pamphlet  by  Capbiin  Dayman,  published  in  1859,  describing  the  line  of 
soundings  taken  to  tlie  Azores  in  1858,  he  states  that  he  found  })re- 
.cisely  similar  oaze  nearly  down  to  latitude  46°,  so  that  the  deposit 
appears  to  be  at  least  600  miles  broad. 

Coral  JReefit. — The  solidification  of  carbonate  of  lime  bv  the  forces 
of  life  thus  discovered  to  be  going  on  in  the  depths  of  the  North 
Atlantic,  is  doubtless  equally  active  in  the  other  oceans,  both 
mthin  and  without  the  tropics.  In  many  parts  of  the  intertropical 
regions  of  the  world,  however,  especially  in  the  Indian  and  Pacific 
Oceans,  another  class  of  animals,  namely,  the  Polyps,  produce  still 
greater  effects.  Polyps  are  merely  soft  gelatinous  animals,  consisting  of 
little  else  than  a small  sac  or  stomach,  with  tentacles  arranged  round 
its  margin  to  assist  in  supjdying  it  with  footl.  Some  kinds  of  them 
form  a common  mass  or  body,  a number  of  small  individuals  uniting 
to  make  a polypodom,  out  of  which  they  grow,  just  as  a number 
of  individual  buds  exist  in,  or  grow  out  of,  a common  vegetable 
body  or  tree,  the  compoimd  body  in  each  case  increasing  in  con.sequence 
of  the  growth  of  the  indi^^duals  belonging  to  it.  Almost  all  these 
compound  polyj)s  secrete  carbonate  of  lime,  fomiing  a solid  comjx)und 
skeleton  or  frame  work  called  a coral.* 

In  almost  all  tropicjil  seas  encmsting  patches  or  small  banks  of 
living  coral  are  to  be  found  along  the  shores,  wherever  they  consist  of 
hard  rock,  and  the  water  is  quite  clear.  These,  M.  Darwm  calls  Fringing 
reefs. 

In  the  Indian  and  Pacific  Oceans,  however,  far  away  from  any  land, 
huge  masses  of  coral  rock  rise  uj)  from  vast  and  often  unknowui  depths 
just  to  the  level  of  low- water.  These  masses  are  often  unbroken  for 
many  miles  in  length  and  breadth  ; and  groups  of  such  mas.ses,  sepa- 
rated by  small  interv^als  of  deep  water,  occur  over  spaces  sometimes  of 
400  or  600  miles  long,  by  50  or  60  in  width.  These  often  form  large 
irregular  rings  or  loops,  and  when  they  do  not  enclose  any  high  land, 
they  are  called  Atolls. 

V 

When  the  reefs  encircle  or  front  high  land,  with  a navigable  water 
channel  between  the  land  and  their  outer  edge,  tliey  are  calletl  Barrier 
reefs.  The  l)arrier  reef  along  the  north-east  coast  of  Austmlia  is  com- 
j)osed  of  a chain  of  such  masse.s,  and  is  about  1 250  statute  miles  long, 
from  10  to  90  miles  in  width,  and  rises  at  its  seaward  edge  from  depths 


* Tlie  coral-fonning  polypa  iirc  often  popularly  sjioken  of  as  coral-fiu<«^ti,  and  they  art- 
Hoiiiet.iinea  Hiip]H>sed  to  buUd  ifit  coral  as  the  l>ee  builds  its  comb.  These  terms  are  very 
inislcadiug,  as  the  coral  cannot  jiroiierly  be  said  to  l>c  built  by  the  animals  that  live  on  its 
surface,  any  more  than  the  timlier  of  a tree  oonhl  lx*  said  to  be  built  by  the  buds,  or  the 
shells  and  skeletons  of  animals  to  be  built  by  tlie  animals. 
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which  in  some  places  certainly  exceed  1800  feet.  (See  voyage  of 
H.  M.  S.  Fly,  vol.  i.,  chapter  13). 

It  may  be  likened  to  a great  submarine  wall  or  terrace  fronting 
the  whole  north-east  coast  of  Australia,  resting  at  each  end  on  shallow 
water,  but  rising  from  very  great  depths  about  the  centre,  its  upper 
surfaoj  fonuing  a jdatcau,  varying  from  10  to  30  fathoms  in  dej)th, 
which  is  studded  all  over  with  steep-sided  block-like  masses  that  rise, 
up  to  the  level  of  low-water.  These  masses  vary  in  size  from  mere 
pinnacles  to  an  urea  of  some  miles,  generally  mucli  longer  than  broad, 
and  running  more  or  less  nearly  across  the  direction  of  the  prevailing 
wind.  They  are  especially  numerous  and  most  linear  along  tlie  edge 
of  the  great  bank  on  which  they  rest,  tlie  passages  between  them  being 
often  veiy  narrow,  like  irregular  embrasures  oi»ened  here  and  theiv 
through  the  parapet  wall  of  a fortress.  These  “ individual  reefs  ” lom- 
ning  along  the  outer  edge  protect  the  comparatively  shallow  water 
inside,  and  with  the  numerous  inner  reefs  that  are  scattered  over  its 
space  make  it  one  great  natural  harbour.  An  hlea  of  its  extent  may 
be  gaine<l  by  supposing  it  transferred  to  our  own  ])art  of  the  world, 
and  extemled  from  Brest  acros.s  the  mouths  of  the  English  Cliannel  and 
Irish  Sea,  round  the  we.st  coast  of  Ireland  to  the  extreme  west  |Kjint  of 
Iceland,  or  ciining  along  tlie  81101*08  of  Scotland  and  the  Shetlanil 
Islands  up  to  the  coast  of  Norway. 

Tlie  “ bottom,”  between  the  “ inner  reefs”  of  the  great  Australian 
barrier,  when  brought  up  by  the  di*edge  from  a depth  of  tifteen  or 
twenty  fathoms,  often  looked  very  like  the  uncomsolidatetl  muss  of  some 
of  the  coarse  shelly  limestones  to  be  found  among  the  oolites  of  Glou- 
cestershire. At  other  times  the  dredge  came  up  completely  filled 
\N*ith  the  small  round  Foraminifera,  allied  Orbitolites,*  and  these 
organisms  .seemed  in  some  jdaces  to  make  up  the  whole  sand  of  the 
beach  either  of  the  coral  islets  or  of  the  neighbouring  shores.  In  the 
deep  sea  around,  and  in  all  the  neighbouring  seas,  from  Torres  Straits 
to  the  Straits  of  Malacai,  wherever  “ bottcmi”  was  brought  up  by  the 
lead,  it  was  found  to  be  a very  fine-gi*ained,  iinjialjwible,  jmle  olive-green 
mud,  which  was  wholly  soluble  in  dilute  hydrochloric  acid.  Tliis  sub- 
stance, when  diied,  would  therefore  be  scarcely  difrei*ent  from  chalk, 
though  it  commonly  was  of  a greener  tinge.  This  fine  calcareous  mud 
may  lie  partly  derivetl,  like  the  oaze  of  the  North  Atlantic,  from  the 
calcareous  bodies  of  minute  animals  that  live  either  on  the  surface  or 
in  the  depths  of  the  sea.s  at  the  bottom  of  liicli  it  is  found  ; but  much 
of  it  Ls  doubtle.ss  derived  fr<mi  the  waste  of  the  coral  reefs  themselves. 

Some  fishes,  according  to  Mr.  Darwin  (Coral  Reefs,  p.  14),  brow.se 

* Tlie.‘»e  an*  cither  exactly  the  same  ns,  or  closely  allied  to  the  Nummulites  of  which 
some  great  masses  of  limestone  arc  made  up. — See  Dr.  {.'arjtenief s Papers  in  Phil.  Trans., 
vol.  146,  etc. 
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upon  coral,  and  nil  the  gi’eat  Holotluu’ia  (or  Tripang),  so  ahundant 

on  the  coral  reefs  of  the  Great  Biirrier  and  elsewhere,  are  always  full  of 
coral  siind,  on  the  animal  matters  in  which  they  seem  entirely  to  sub- 
sist. The  mere  process  of  digestion,  then,  carried  on  by  these  and  other 
animals,  must  contril)Ute  much  impalpable  calcareous  mud  to  the  adja- 
cent SCilS. 

Tlie  tidal  currents  among  the  “ inner  reefs,”  and  in  the  o]>enings  of 
the  Great  Barrier,  are  often  excessively  strong,  running  sometimes  with 
an  impetuous  sweep,  in  the  sjime  direction,  even  for  two  or  three  days 
together,  especially  after  great  stonns  have  driven  large  quantities  of 
water  into  the  space  Initween  the  outer  edge  and  the  land. — ( Voyage  of 
HJfJH.  Fit/,  vol.  I,  p.  19.) 

The  outer  edge  of  the  Great  Rarrier  (and  the  windward  side  of  all 
coral  reefs)  is  always  subject  to  the  battering  and  pounding  action  of 
the  most  ti-emendous  surf  that  can  be  imagined,  since  the  long  roll  of 
the  ocean  swell  falls  suddenly  on  the  ui)]x‘r  edge  of  the  great  submarine 
wall,  da.shing  upon  it  with  almost  incoiiceivalde  ix)wer,  and  roaring  over 
the  surface  of  the  reef  in  huge  breakers  that  are  sometimes  felt  even 
all  across  it.  At  high  tide  especially,  when  the  wind  blows  strongly  on 
the  reef,  a va.st  quantity  of  water  is  thus  thrown  into  the  inner  lagoon, 
winch,  as  the  tide  falls,  scours  out  all  the  outer  channels  and  passages. 
Although  the  living  coral  flourishes  most  where  the  surf  is  heaviest,  and 
the  greatest  masses  of  Majandrina  and  Porites,*  and  other  gigantic  spe- 
cies, live  only  on  the  outer  e<lge  of  the  reef ; yet  if  a ma.ss,  living  or 
dead,  be  once  detached  from  the  rest,  it  is  soon  acted  upon  by  the.w 
breakers,  and  ultimately  triturated  into  calcareous  sand  or  mud. 

In  addition  to  the  Great  Rarrier  just  spoken  of,  all  the  sea  between 
Australia,  New  Caledonia,  and  the  Louisiade,  is  infested  with  coral 
reefs,  so  that  Flinders  called  it  the  Coral  Sea.  As  this  space  is  lOOt) 
miles  wide  mid  broad,  we  have  here  an  area  of  something  like  a million 
of  s([uare  miles  over  which  carbonate  of  lime  is  being  deposited  in  great 
.sheets,  and  in  bank-like  imusses,  which  are  in  some  parts  at  lea^t  more 
than  1000,  iirobably  more  than  2000  feet  in  thicknes.s. 

Those  coral  reefs,  which  may  be  called  living  reefs,  consi.st  of  living 
corals  only  in  parts  of  their  upper  surface,  and  along  there  outside  run, 
which  is  a mere  film  compared  with  their  whole  bulk.  All  the  interior 

* Rounded  or  solid  stools  of  Ma'andrinn,  of  6 or  8 feet  in  diameter,  are  conmion 

among  the  detAehed  blocks  rolled  up  from  the  outer  slope  on  to  the  reef.  They  may  be 
seen  just  inside  tlic  surf,  iit  low  w.ater,  from  a distance  of  one  or  two  miles,  and  are  sjKiken 
of  by  Flinders  as  “ Turks’  Heads."  I once  landed  close  to  the  edge  of  the  Ih-in’icr,  on  the 
south  side  of  the  Blackwood  Channel,  in  south  latitude  11*45',  on  a continuous  mass  of 
Forites,  whicdi  was  at  lea.st  20  feet  a<'r»>ss,  and  sceme<i  to  pass  dowmwanls  into  the  mass  of 
the  reef  1k»1ow  wati-r  without  ajiy  di.sconnection.  It  was  worn  into  pinnacles  almve,  so 
that  two  or  three  of  us  could  stand  in  the  cliffercnt  hollows  without  seeing  each  other. 
This  formctl  imrt  of  a line  of  such  m.a.s.ses  that  attracted  our  attention  from  a di.stancc  of 
thn*e  miles.  They  are  marked  as  “ roe^ks  dry  at  h^h  water”  In  the  charts. 
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is  composed  of  dead  corals  and  shells,  either  whole  or  in  fragments,  and 
the  calcareous  portions  of  other  marine  animals.  The  interstices  of  the 
mass  are  filled  up  and  compacted  together  by  adcareous  sand  and  mud, 
derived  from  the  waste  and  debris  of  the  corals  and  shells,  and  by  count- 
less myriads  of  minute  organisms,  mostly  calcareous  also.  Tlie  Ihing  part, 
even  of  the  upper  surface  of  the  reef,  is  that  oidy  which  is  never  dry  at 
low  water.  The  part  which  is  then  exposed  is  con»iX)sed  of  mere  stone, 
which  is  often  capable  of  being  split  up  and  lifted  in  slabs,  bearing  no 
small  resemblance  to  some  of  our  oldest  limestones.  These  slabs  and 
blocks,  when  broken  open,  are  frequently  found  to  have  a crj  stalline 
structure  internally,  by  which  the  forms  and  the  organic  structure  of 
the  corals  and  shells  are  more  or  less  disguised  and  obliterated.  A 
coral  reef,  then,  of  which  a part  is  still  living  and  in  process  of  forma- 
tion above,  may  internally  consist  of  solid  crj^stalline  limestone — since 
it  may  well  be  there  just  as  crj^stalline  as  many  stalactites. 

On  the  upper  surfaces  of  some  coral  reefs  siuall  islands  are  fonned, 
— the  coral  sand  being  drifted  by  the  winds  and  waves  till  it  forms  a 
bank  reaching  above  high-water  mark.  In  some  of  these  islands,  the 
rounded  calciireous  grains  are  bound  together  into  a solid  stone  by  the 
action  of  rain  water,  which,  containing  a'  .small  quantity  of  carbonic 
acid,  dissolves  some  of  the  carbonate  of  lime  as  it  fall.^^,  but,  being 
shortly  evaporated,  redeposits  it  again  in  the  form  of  a calcareous 
cement.  Tlie  stone  thus  formed  is  like  a cake  resting  upon  still  inco- 
herent sand  below.  Some  of  this  stone,  which  wa.s  used  for  building  a 
beacon  tower  on  Raines’  Islet,  to  mark  an  opening  in  the  Great  Barrier 
reef,  presented  very  distinct  examples  of  the  oolitic  structure  presently  to 
be  mentioned,  little  minute  grains  and  particles  being  envelo{)ed  in  one  or 
two  concentric  coats,  like  the  coats  of  an  onion.  Tliat  this  stone  was 
not  coihsolidated  under  water  was  proved  by  nests  of  turtles’  eggs  being 
found  imbedded  in  it,  evidently  deposited  by  the  animal  when  the  sand 
wjis  above  water,  and  was  loose  and  incoherent. 

Rai.sed  coral  reefs,  in  the  islands  of  Timor  and  Java,  were  often 
internally  as  white  and  friable  as  chalk,  though  they  had  frequently  a 
rougher  and  grittier  texture,  and  weathered  black  outside.  'Hie 
weathered  surfaces  of  these  limestones,  often  at  a height  of  two  or  th*ee 
hundred  feet  above  the  sea,  wdth  their  embedded  shells  of  all  descrip- 
tions, including  a Tridacna  of  one  or  two  feet  in  diameter,  difi’ered  in  no 
respect  from  some  of  the  surfaces  of  the  Great  Barrier  reef,  where 
exposeil  at  low  water. — {Voyage  of  II. M.S.  Fly) 

Guided  by  these  facts  and  obser\’ations,  we  may  form  tolerably 
accurate  notions  of  the  mode  of  origin  of  all  our  marine  limestones, 
and  attribute  to  them  an  organic-chemical  origin,  taking  into  account, 
at  the  same  time,  how  easily  they  may  have  been  subsequently  altered 
in  texture  by  the  metamorphic  action  either  of  water  or  of  heat. 
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We  must  also  bear  in  mind  that,  although  the  carbonate  of  lime 
may  have  been  secreted  and  brought  into  a solid  form  from  its  aqueous 
solution  by  the  action  of  animal  life,  yet  that  the  original  form  it  thus 
rtK-eived  has  been  retainetl  in  only  a small  part  of  it,  the  great  mass 
having  been  subjected  to  the  mechanical  actions  of  erosion,  trituration, 
and  transport,  to  a greater  or  lesser  extent,  in  the  process  of  its  con- 
version into  calcareous  mud,  and  deposition  as  beds  of  limestone. 

Silica. — The  aqueous  deposition  of  silica  is  sometimes  a purely 
chemical  one,  as  in  the  case  of  the  siliceous  sinter  deposited  roimd  the 
Oeysem,  or  hot-springs,  of  Iceland,  and  round  the  hot  springs  of  St. 
Miguel  and  Terceira,  in  the  Azores,  and  the  chalcedony  round  those  of 
New  Zealand.  Cold-water  springs  also,  in  some  instances,  deposit 
siliceous  matter  ; but  in  these  the  silica  is  generally  combined  with 
alumina,  oxide  of  iron,  and  other  bases.  In  all  these  cases,  evaporation 
of  the  ■water  takes  place,  and  the  silica  is  deix>sited  in  consequence  of 
that  evaporation.  Bischof  attributes  the  fonuation  of  quartz  crj'staLs  in 
cavities,  and  of  comjiact  (piartz  in  veins,  to  the  total  evaporation  of 
water  containing  silica  in  solution,  and  trickling  down  the  sides  of  such 
cavities,  and  it  is  difficult  to  imagine  any  other  method  for  their  fonna- 
tion,  among  aqueous  rocks  at  all  events.  He  points  out  the  impossi- 
bility of  ascending  springs  depositing  the  quartz,  inasmuch  as  those 
must  be  full  of  water,  and  therefore  total  evaporation  of  successive  tilms 
of  water  could  not  take  place.  He  attributes  the  formation  of  quartz 
cr}'stals  in  drusy  cavities  to  a similar  evaporation  of  water  containing 
silica,  that  has  filtered  through  the  adjoining  rock.  Agates,  chalcedony, 
etc.,  shew  very  distinctly  the  successive  deposition  of  films  of  silica. 

Formation  of  Silica  in  the  Sea. — To  accoimt  for  the  deposition  of 
silica  on  the  bed  of  the  sea,  where  evaporation  is  not  possible,  we  are 
comiMjllcd,  as  in  the  case  of  limestone,  to  call  in  the  aid  of  the  powers 
of  animal  life.  The  minute  shells  of  many  of  the  infusoria  are  almost 
entirely  composed  of  silica,  which  they  have  extracted  from  the  water 
of  the  sea  Some  kinds  of  rock,  such  ns  the  tripoli,  or  polishing  slate, 
are  entirely  made  up  of  these  microscopic  substances,  some  beds  thus 
fonned  being  many  fathoms  in  thickness  and  many  miles  in  extent. 

• All  seas,  from  the  equator  to  the  poles,  aboimd  with  these  minute 
organisms.  Tliey  have  been  foimd  living  even  in  ice.  The  phosphor- 
escence of  the  sea  is  due  to  the  presence  of  organic  beings,  a large 
proportion  of  wliich  are  siliceous-cased  infusoria,  whether  belonging  to 
the  animal  or  vegetable  kingdom.  According  to  Ehrenberg,  there  are 
formed  annually  in  the  mud  deposited  in  the  harbour  of  Wismar,  in 
the  Baltic,  17,946  cubic  feet  of  siliceous  organisms.  Although  it  takes 
a hundred  millions  of  these  animalcules*  to  weigh  a grain,  Ehrenberg 

* In  using  the  tenns  " aniiualtinles"  ami  “ inAisoria,"  It  must  be  borne  In  mind  that 
biologists  now  believe  many  of  them,  such  as  the  Diatomaceee,  to  be  vegetables. 
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collected  a pound-weight  of  them  in  an  hour.  So  prolific  are  they, 
moreover,  that  “ a single  one  of  these  animalcules  can  increase  to  such 
an  extent  during  one  montli,  that  its  entire  descendants  can  form  a bed 
of  silica  25  square  miles  in  extent,  and  foot  thick.*  As  a parallel 
to  Archimedes,  who  declared  he  could  move  the  earth  if  he  had  a lever 
long  enough,  we  may  say  : — Give  us  a mailed  animalcule,  and  A\ith  it 
we  will  in  a short  time  separate  all  the  ciirbonate  of  lime  and  silica 
from  the  ocean.”  The  silica  thus  rendered  solid  may  either  be  depo- 
sited alone,  or  may  be  mingled  with  the  calciireous  matter  deposited  on 
the  bed  of  the  sea  by  the  metliods  just  now  mentioned.  If  the  siliceous 
be  diffused  in  a fine  state  of  division  pretty  equally  tlm)ngh  the  calca- 
reous matter,  it  may  perhaps  be  consolidated  in  that  state  of  diffusion 
producing  a siliceous  limestone,  or  it  may,  in  obedience  to  certain  che- 
mical laws,  segregate  itself,  more  or  less  completely,  from  the  calcareous 
matter,  and  form  either  distinct  layers  and  veins,  or  concretionary  balls 
and  noilules.  The  presence  of  a body,  itself  consisting  largely  of  silica, 
such  as  many  sponges,  will  facilitate  and  determine  this  proce.ss,  afford- 
ing a centre  of  attraction  for  the  siliceous  particles  to  collect  around  it 
from  the  adjacent  matter,  t 

These  views  of  the  organic  origin  of  most  marine  limestones  and 
flints  are  corroborated  by  the  fact,  which  we  shall  presently  describe,  of 
almost  all  great  ma.sses  of  limestone  being  accompanied  by  siliceous 
portions  of  a peculiar  character,  such  as  are  rarely  or  never  to  be  found 
in  any  other  rocks  except  limestone. 

Carbonate  of  Magnesia. — Magnesia  occurs  in  sea  water  in  the  form 
of  cliloride  of  magnesium  and  sulphate  of  magnesia.  Bischof  says  that 
the  water  of  the  Mediterranean,  which  contains  the  largest  amount  of 
magnesian  salts,  has  0.25  per  cent  of  the  former,  and  0.625  of  the  latter 
(voL  iii.,  p.  161).  Of  the  salts  dissolved  in  sea-water,  J 8 to  16  per  cent 
consist  of  chloride  of  magnesium,  and  6 to  1 6 per  cent  of  sulphate  of 
magnesia. — {Bischof  vol.  i.,  p.  99  to  105.)  From  the  quantity  of  free 
carbonic  acid  in  the  sea,  it  is  plain  that  these  might  be  converted  into 
carbonate  of  magnesia,  but  that  if  so,  it  would  be  kept  in  solution  as  a 
bi-carbonate  (or  se8<iui-carbonate),  as  in  the  case  of  carbonate  of  lime. 


• BiHchof,  vol.  i.,  p.  188.  Tliere  is  a slight  mistake  in  the  English  translation,  in  which 
the  wonls  “ millions  of”  h.Hve  lH*en  omitted  after  the  figures  65,000.  If  we  make  the  calcu- 
lation in  English  weights  and  measures,  it  npi>ears  to  me  it  will  give  1,14.8,000,000  of  cubic 
feet,  or  41  sqimre  miles  1 foot  high,  or  a square  of  that  height  measuring  nearly  miles  In 
the  side. 

t Mr.  Bowerl>ank  has  proved  the  presence  of  siwnge  particles  in  ninny  flints  and  cherts, 
and  refers  them  all  to  that  origin. 

J Bischof  al.so  tells  u.s  (voL  iii.,  p.  178)  that  the  quantity  of  carbonate  of  magnesia  carried 
down  by  the  Rhine  into  the  sea  in  the  course  of  twenty-four  hours,  is  4,621,956  lbs. , sufficient 
to  yield  10,087,202  lbs.  of  dolomite,  consisting  of  equal  equivalents  of  the  carbonates  of 
lime  and  magnesia  This  quantity  would  be  equal  to  a square  mass  1 foot  high  and  289  feet 
in  the  side  every  day,  or  4560  feet  in  the  side  in  the  course  of  a year. 
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All  tliat  has  heeu  said,  therefore,  as  to  the  necessity  for  ailling  in  the 
aid  of  oi-ganic  life  to  solidify  carbonate  of  liine  from  the  waters  of  the 
sea,  “ holds  good  in  regard  to  carbonate  of  magnesia,  and  the  more  so, 
since  this  salt  always  separates  latiT  than  carbonate  of  lime,  even  from 
fluids  which  have  undergone  a very  high  degree  of  evaporation.” — 
{Bischqf,  vol.  i.,  p.  1 1 7.) 

Tliere  is,  however,  this  tlifliculty  in  this  view  : — The  carbonate  of 
lime  is  largely  si^parated  from  the  sea  water  by  being  made  to  enter 
into  the  composition  of  the  hard  parts  of  marine  animals  in  overwhelm- 
ing proportion,  whereas  the  percentagi^  of  cai’bonate  of  magnesia  to  be 
found  in  the  hard  parts  of  conds  and  mollusca  does  not  usually  exceed 
1 or  2 per  cent.  Neither  do  we  know  any  class  of  animals  that  secrete 
any  much  greater  (piantity  of  magnesia,  as  some  of  the  infusorial  imimals 
secrete  silica.  Yet  in  many  widely-spread  magnesian  lime.stones  the 
quantity  of  magnesia  is  almost  equal  to  that  of  lime,  and  the  piX)portion 
is  frequently  as  much  as  20  to  30  per  cent,  Forchamiuer,  however, 
found  2.1  per  cent  in  Coiulliimi  nobile,  6.36  per  cent  in  Isis  liippuris, 
and  7.64  per  cent  in  some  species  of  Sciq)ula,  while  16  to  10  j^er  cent 
have  been  found  in  some  species  of  Millepore. — {Oeol.  licpoi'ts  of  Canada 
for  1857.  Mr.  Sterry  Hunt.) 

Mjignesian  limestones  are,  however,  generally  poor  in  oi’ganic  re- 
mains, though  this  may  be  the  result  of  their  more  perfect  crystalliza- 
tion and  mineralization  by  which  the  organic  structure  has  been 
obliterated,  rather  than  of  the  absence  of  organic  beings  from  the  origi- 
nal deposit.  Mr.  Sterry  Hunt  lias  demonstrated  the  pos.sibility  of  the 
chemical  deposition  of  Dolomite  in  isolated  lakes  or  seas,  where  great 
evaporation  is  taking  j)lace,  but  it  is  diflicult  to  imagine  many  of  our 
dolomites  to  have  been  formed  in  such  situations. 

In  whatever  way  effected,  it  is  true  that  magnesian  limestoiie.s,  con- 
taining various  proportions  of  lime  and  magnesia,  have  been  deposited 
originally  as  magnesian  limestone  at  the  bottom  of  the  sea,  sometimes 
in  large  quantities,  and  over  considerable  areas. 

It  is  equally  true  that  jmre  caibonate  of  lime  has  in  many  cases 
been  subsequently  converted  into  dolomite  or  nuignesian  limestone  by 
chemical  metamorjihic  action. 

JSuljdiate  of  Lime  and  Rock-salt  {chloride,  of  sodium)  are  undoubtedly 
chemical  precipitates,  and  we  are  hera  again  met  by  the  same  difticulty 
as  before,  in  as.signing  a proximate  cause  for  that  jirecipitation  in  the 
open  .sea.  If  we  couhl  imagine  a portion  of  sea  water  sejiarated  from 
the  ocean,  and  left,  as  a shallow  lago<»n,  to  gradually  dry  up,  there 
would  be  no  ditficulty  in  the  case. 

Bischof  give.s  the  following  an  the  average  coinposilion  of  the  siilts 
of  the  .‘sea  water  (vol.  i.,  p.  379) : — 
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Percentage. 


Saline  contents  of  sea- water  . , 3.527 

Consi.sting  of — 

Chloride  of  Sodium  (common  salt)  . 75.78C 

C^iloride  of  Magnesium  . . . .9.15.9 

Cliloride  of  Potassium  . . . 3.657 

Bromide  of  Sodium  . . . . 1.184 

Sulphate  of  Lime  (gy2)sum)  . . 4.617 

Sulpliate  of  Magnesia  (Epsom  salts)  . 5.597 


100.000 

He  tells  u.s,  too,  that  when  sett  water  is  evapontted,  the  point  of 
saturation  for  sulphate  of  lime  i.s  much  sooner  reached  than  tliat  for 
rock-salt  ; 37  per  cent  of  the  water  being  required  to  be  removed  in 
the  one  axse,  and  93  j>er  cent  in  the  otlier.  G)q).sum,  therefore,  must 
always  be  deposited  before  rock-salt,  and  it  is  possible  for  the  point  of 
saturation  to  be  reached  for  g)q)sum  in  many  cases  without  that  for  rock- 
.«alt  being  attained.  This  may  be  the  reason  why,  although  the  sea 
contains  sixteen  times  as  much  salt  as  it  does  gypsum,  that  the  latter 
more  frequently  occurs  as  a mineral  deposit  than  the  former,  though  not 
often  in  such  great  masses. 

It  has  been  suggested  that,  in  consequence  of  the  greater  si)ecifu' 
gravity  of  .sea  water  increiising  with  the  quantity  of  salt  it  contain.s,  ami 
the  evapomtion  at  the  surface  cau.«ing  a perpetual  increase  in  the  salt 
of  the  surface  water,  that  a part  of  the  water  which  holds  a larger  quan- 
tity of  salt  in  solution  than  the  rest,  may  sink  to  the  bottom  of  the  sea, 
and  that  this  process  may  be  continued  until  the  lower  strata  be  satu- 
rated ^^^th  salt,  and  precipitation  take  place.  Tlie  circidating  current.^ 
of  the  ocean,  however,  keep  up  such  a constant  mixture  of  its  waters,  as 
would  seem  altogether  to  prevent  this  action ; and  even  in  deep  hollows 
and  basins,  such  as  the  Mediterranean,  sepamted  by  a shallower  bar 
(1320  feet  at  the  deeixjst)  from  the  bed  of  the  ocean,  the  traction  of  the 
currfmts  pas.sing  over  this  is  sufficient,  according  to  Maury  (Physical 
Geography  of  the  Sea),  to  prevent  any  accumulation  of  denser  and  .sal  ter 
water  at  the  bottom. 

Ifii  isolated  seas,  such  as  the  Dead  Se.a,  where  the  water  is  entirely 
.'saturated  with  salt,  evaporation  doubtle.ss  causes  a precipitation  on  its 
l)ed  {Bisc/io/j  p.  400).  Here,  and  in  shallow  lagoons,  such  as  the  limans 
of  Be.ssarabia,  south  of  Odessa,  that  dry  up  in  summer,  we  have  the 
formation  of  rock-salt  going  on  before  our  eyes. 

In  fresh- water  lakes  sulphate  of  lime  may  be  deposited,  either 
directly,  the  water  becoming  saturated  with  that  substance,  or  in  con.se- 
quence  of  springs  or  rivers  containing  siil|)huric  acid,  which  conveit 
into  sulphates  the  carbonates  of  the  marls  and  calcareous  muds  already 
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deposited.  In  some  instances  clieiniciil  reactions,  .such  as  tlie  oxidation 
of  iron  pyrites  (bisiilpliuret  of  iron),  and  that  of  siilpliuretted  liydrogen, 
may  be  suppo.sed  to  take  ])lace,  j)rodiicing  sulphuric  acid,  which  imme- 
diately acts  on  any  carbonate  of  lime  that  it  can  reach. 

Carbon  may  be  looked  upon  as  essentially  an  oi'ganic  element. 
Wherever  we  find  carbonaceous  matter  in  rocks,  therefore,  we  may 
sus]>ect  it  to  have  been  derived  from  organic  substances.  Even  the 
diamond  is  now’  believed  to  be  a crystjillized  gum,  or  other  vegetable 
]>rodiict,  and  graphite  may  in  like  manner  be  looked  uj)on  as  a ix)s.sible, 
if  not  a probable,  i*esult  of  the  metamor|)hosis  of  either  animal  or  vege- 
table sub.'itance  into  a mineml.  Even  the  purt\st  gra})hite  contains  traces 
earthy  matter,  dimiui.shing  its  claims  to  Ixj  considered  an  original 
independent  substance. 

Carbon  enters  into  the  comjwsition  of  animal  matter,  but  its  most 
abundant  source  is  the  cvyetable  kingdom. 

Again  taking  Bischof  as  a guide  in  the  exjdanation  of  the  conver- 
sion of  the  organic  substance  w(xk1  into  the  rock  which  we  cidl  coal,  I 
abstract  some  of  his  results  in  the  following  remarks  (see  Bi.schof,  vol.  i., 
chap.  1 5)  : — 

The  following  Table  contains  the  mean  compo.sition  of  Wooil,  the 
mean  of  three  analyses  of  Peat,  of  four  sets  of  analyst*s  of  Lignite,  com- 
prising tw'enty  specimens,  of  sixty-seven  analyses  of  Coal,  and  the 
extreme  of  several  analy.ses  of  difl'erent  kiiuls  of  Anthracite. 

Composition  of  Carbonaceous  Sub.stances 


Carbon. 

IJyilrogon. 

Oxygon  and 
Nitnigon.* 

F.<irthy  SulMtanoes 
or  Ash. 

Wood 

49.1 

6.3 

44.6 

Min.  Max. 

Peat 

54.1 

5.6 

40.1 

4.6  to  10.0 

Lignite  . 

69.3 

6.6 

25.3 

0.8  to  47.2 

( ’oal 

82.1 

5.5 

12.4 

0.24  to  35.5 

Anthracite 

95.0 

3.92 

3.45 

1 

0.94  to  7.07 

It  will  be  at  once  perceived  that  the  earthy  .sub.rtaiicc.s,  crash,  must 
be  looked  uj)on  as  accidental  extraneous  mixtures  which  have  not  been 
included  in  the  percentages  of  the  essential  constituents  of  the  carbona- 
ceous substances.  While,  too,  the  mean  composition  has  been  given  for 
j)eat,  lignite,  and  coal,  the  extreme  has  been  taken  for  anthracite,  to 
contrast  with  that  of  woo<l,  which  may  be  looke«l  on  as  the  extreme  in 
the  other  di  rat  ion. 

Tin;  quniitity  of  nitrogen  is  ver>"  sni.'ill,  so  that  fur  our  puri*o8i*s  it  may  lx*  nogleetoil. 
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The  difierenct*  between  coal  and  anthmcite  is  an  arbitran'  distinc- 
tion  which  would  vary  in  the  oj»inion  of  different  observers  and  ex]»ei  i- 
inenters,  one  man,  j)erhaps,  adling  the  very  sjime  substance  coal  wbicli 
another  would  consider  to  be  antliracite. 

Tlie  first  thing  we  learn  from  the  examination  of  tliis  table  is,  that 
the  rocks  anthracite  and  coal  are  essentially  different  in  composition 
from  any  other  rocks  that  have  hitherto  been  spoken  of.  We  have  not 
hitheito  found  any  rock  more  than  half  of  which  is  pure  carbon. 

The  next  thing  we  leani  is,  that  there  is  a i-egular  gradation  from 
the  chemical  composition  of  these  rocks  through  that  of  lignite  and 
peat  (or  turf)  into  that  of  actual  wood  or  living  vegetable  subshince. 

No  other  rock  exliibits  anything  aj)j)roaching  to  tliis  composition, 
which  is  in  itself  a strong  “ a jiriori”  argument  in  favour  of  the  rock 
coal  having  been  derivetl  from  plants,  in  the  same  way  that  we  c.ui  see 
peat  derived  from  plants  l>efore  our  eyes,  and  feel  sure  that  lignite  is  so 
derived,  because  it  retains  the  vegetable  fibre,  and  often  the  fonn,  of  wc»«j<l. 

The  change  from  one  substance  to  the  other  seems  to  take  ]»lace 
chiefiy  liy  the  abstmction  of  oxygen,  mid  a cerUiin  amount  of  condensjt- 
tion  or  diminution  of  bulk  in  the  resulting  mass. 

If,  therefore,  we  suppose  wooil  (or  vegetable  matter)  buried  under 
accmnulations  of  more  or  less  porous  rock,  such  as  sjindstone  and  shale, 
so  that  it  might  be  partially  decomposed,  and  some  of  its  elements  enter 
into  new  combinations,  either  gaseous  or  licpiid,  tho.se  combinations 
always  using  up  a greater  quantity  of  oxygen  ami  niti-ogen  than  of 
carbon  and  hydrogen,  or  of  oxygen  and  hydrogen  than  of  carbon,  we 
should  have  the  e.xact  conditions  for  the  transformation  of  vegetable 
matter  into  coal. 

This  proce.ss  might  naturally  take  place  in  four  ways  : — 

1#/,  By  the  separation  of  uirlxinic  acid  gas  (consisting  of  two  equi- 
valents of  oxygen  and  one  of  carbon  = C(>*)  and  carburottwl 
hydrogen  (consisting  of  four  equivalents  of  Ijydrogen  to  two  of 
carbon  = C*  H*)  from  the  elements  of  the  wood. 
idy  By  the  sejiaration  of  carbonic  acid  from  the  elemnits  of  the  wood,- 
and  the  oxidation  of  some  of  the  hydrogen  (/.<?.,  its  conversion  into 
water  = HO)  by  combination  with  external  oxygen. 

3(/,  By  the  .separation  of  both  the  carbonic  <icid  and  the  water  from  the 
elements  of  the  woo<l. 

4t/ij  By  the  .separation  of  all  three  substancas,  carbonic  acid,  carburetted 
hydrogen,  and  water,  from  the  elements  of  the  wood. 

The  loss  of  carbon  is  greatest  in  the  fii'st  ca.se,  and  least  in  the 
thiixl,  being  always  groater  in  jiroportion  to  the  quantity  of  curbiiretteil 
hydrogen  which  is  disengaged.* 

• 8ee  al.so  a very  clear  explanation  of  this  subject  in  Ronald’s  and  Richardson's  Chemical 
Technology,  vol.  i.,  p.  31. 
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When  wood  or  vegetable  matter,  then,  is  buried  under  circum- 
stances which  allow  of  the  extrication  of  these  substances  from  it,  in 
tlie  course  of  its  decomi)0.sitiou,  it  must  become  converted  into  coal  ; 
the  extreme  result  of  the  process  being  to  give  us  first  anthracite,  con- 
taining ]>erhaps  94  per  cent  of  carbon,  and  finally  graphite,  wliich  is 
either  pure  aubon  itself,  or  that  substance  mingled  with  others  which 
are  here  excluded  from  consideration  as  not  being  among  the  elements 
of  wood,  and  which  it  may  have  aci[uire<l,  during  the  process  of  con- 
vei’sion,  from  external  sources. 

The  great  quantitie.s  of  carbonic  acid  gas  (choke  dam]>)  and  car- 
buretted  hydrogen  (fire  damp)  met  with  in  coal  mines,  shews  the  fact 
of  the  lai’gc  extrication  of  these  siibstiinces,  and  corroborates,  if  need 
were,  this  exjdanation.  Reser\’’oirs  of  these  gases  in  a highly  com- 
j)ressed  state  are  often  found  to  be  pent  up  in  the  crevices  and  cavities 
of  coal  beds,  and  aie  the  cause,  when  tapi>cd,  of  many  of  the  .accidents 
which  hike  place.  • Some  beds  of  coal  are  so  saturated  with  giis,  that, 
when  cut  into,  it  may  be  heard  oozing  from  every  pore  of  the  rock,  and 
the  coal  is  called  “ singing  coal  ” by  the  colliers. 

Bischof  shews,  that  “ under  circunrstances  othennse  similar,  the 
conversion  of  vegetable  substances  into  coal  takes  place  in  the  same 
wav,  whether  thev  are  mixed  with  much  or  little  earthv  matter.”  He 
also  believes,  fiom  Kremers’  and  Taylor’s  investigations  into  the  nature 
of  the  ash  of  coal,  that  there  was  an  intimate  mixture  of  vegetable  and 
earthy  substances,  and  that  coal  containing  earthy  matter  could  not  be 
formed  fnjin  compact  wood  without  jirevious  decay  having  taken  place 
(vol.  i.,  p.  269).  He  seems  to  suppose  that,  in  many  instances,  tliis 
(lecay  has  gone  so  far  as  to  convert  the  vegetable.s  into  “ mould,”  which 
has  been  drifted  as  a kind  of  vegetable  mud,  and  when  mixed  with 
earthy  matter,  deposited  under  water  in  the  plac«  where  we  now  find 
it  a.s  coal. 

As  to  the  circmnstances  which  caused  such  great  masses  of  vegetable 
matter  that  once  grew  on  the  sinface  of  the  earth  to  be  buried,  and 
often  so  deeply  buried,  in  the  interior  of  its  crust,  we  will  defer  their 
discussion  to  a future  cha])ter,  after  having  described  the  movements 
that  take  place  in  the  earth’s  crust. 

(Jeneral  Conclusion. — The  student  will  have  learnt  from  what  has 
been  sUited  in  this  chapter,  that  in  addition  to  the  ruder  mechanituil 
forces  which  are  always  necessarily  at  work  in  modifying  the  surface  of 
the  earth,  there  are  other  more  subtle  agencies  engaged  in  the  siinie 
operation.  Chemic.il  force  acts  not  only  through  the  power  of  heat, 
1)ut  also  through  those  of  liquids  and  gases,  in  separating  the  con- 
stituents of  rocks  and  earths,  and  dilfusing  them  through  the  air  and 
the  waters  of  the  globe,  and,  where  the  necessary  conditions  are 
present,  causing  those  constituents  to  enter  into  new  combinations  and 
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to  pnxluce  new  rocks,  or  to  reproduce  pre\’ious  forms  of  combination 
in  new  situations.  It  also  prepares  many  materials  which  enter  into 
the  composition  of  rocks  for  the  action  of  organic  life,  which,  by  a 
newer  and  a higher  power  than  a merely  chemical  one,  makes  use  of 
the  materials  thus  made  ready  for  it,  and  moulds  them  into  various 
fonns,  wliich  contribute  towards  the  elaboration  of  the  comjdex  structure 
of  the  criLst  of  our  globe. 

Vegetables  chiefly  existing  in  the  air  extract  from  it  the  substance 
carbon,  and  by  the  hidden  processes  of  life,  compel  it  to  enter  as  a solid 
and  visible  substance  into  the  composition  of  their  own  bodies. 

Animals  living  in  the  sea  in  like  manner  extract  lime  from  its 
invisible  and  almost  inappreciable  solution,  and  similarly  render  it  a solid 
constituent  of  many  parts  of  their  own  structure. 

Land  animtils  and  aquatic  plants  e<pially  secrete  these  and  other 
substances  ; air  and  water  in  all  cases  combining  to  protluce  the 
results,  and  the  vital  energy  of  plants  and  animals  reciprocally  acting 
and  reacting  in  support  of  each  other. 

Minenil  matter  is  thus,  after  being  subject  to  the  destnictive  agency 
of  mechaniciil  force,  and  after  appiirently  distippearing  under  that  of 
chemical  action,  brought  back  to  the  solid  fonu  by  the  power  of  life, 
and  ha^^ng  served  the  puiq)oses  of  organic  beings,  is  delivered  over  a.s 
♦lead  matter  to  enter  again  into  the  merely  mineral  composition  of  the 
earth,  and  ultimately  to  pcrfonn  the  same  eternal  round  at  some  future 
and  perhai)S  far  distant  |x‘riod. 

We  build  our  houses  by  aid  of  materials  derived  from  animals  that 

V 

perLslie<l  thousands  of  ages  ago,  and  we  wann  and  light  them  from 
those  of  equally  long  perished  plants,  restoring  to  the  atmosphere  the 
carbon  that  floated  in  it  at  a still  earlier  period,  and  ultimately  to  the 
dust,  and  then  to  the  waters  of  the  earth,  the  lime  that  was  formerly 
dissolved  in  them. 


I)e.scription  of  the  Chemically  and  Organically  formed 

Aqueous  Rocks. 

54.  Limestone  may  be  hard  or  soft,  compact,  concretionary,  (tr 
crystalline,  consisting  of  pure  carbonate  of  lime,  or  containing  silica, 
alumina,  iron,  etc.,  either  as  mechanical  admixtures,  or  as  chemical  de- 
jK)sits  along  with  it. 

Dift’erent  varieties  of  limestone  occur  in  different  localities,  both 
geograjdiical  and  geological,  peculiar  fonns  of  it  being  often  confined  to 
particular  geological  formations  over  wide  areas,  so  that  it  is  much  more 
frequently  possible  to  .say  what  geological  formation  a specimen  wa< 
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derived  fi-oiu,  by  the  examination  of  its  lithological  characters,  in  the 
C4ise  of  limestone,  than  in  that  of  any  other  rock.* 

ComiKict  limt’ston^  is  a hanl,  smooth,  line-giiiined  rock,  generally 
bluish  gray,  but  sometimes  yellow,  black,  red,  white,  or  mottleil.  It 
has  either  a dull  earthy  fKictui-e,  or  a sharp,  splinter}^  and  conchoidal 
one.  It  will  frequently  Uike  a poli.sh,  and  when  the  colour  is  a pleas- 
ing one,  is  used  as  an  ornaiueiital  marble. 

Crystalline  limeslone  may  be  either  coarse  or  fine-gniined,  varying 
fnmi  a rough  granular  j-ock  of  various  colours,  to  a ])ure  white,  fme- 
graiued  one,  resembling  loaf  sugar  in  texture.  This  hitter  variety  is 
sometimes  called  saccharine,  sometinies  statuary  marlde.  Tlie  crystalline 
structure  of  limestone  is  either  original,  when  it  is  often  found  that 
each  crystal  is  a fiagment  of  a fo.ssil,  or  it  has  been  supennduced  by 
metamoi-jihic  action  on  a limestone  funnerly  compact. 

Chalk  is  a white,  fine-grained  limestone,  sometimes  quite  earthy  luid 
pulverulent,  sometimes  rather  hanler  and  more  compact,  as  the  chalk 
of  the  noilh  of  Ireland,  and  some  of  that  of  the  north  of  France. 

Oolite  is  a limestone  in  which  the  mineral  has  taken  the  form  of 
little  sjiheroidal  concretions,  and  the  rock  looks  like  the  roe  of  a fish, 
from  which  its  name,  signifying  eyy,  or  rix’-stoue,  is  deriveil.  These 
little  concretions  have  several  concentric  coats,  sometimes  hollow  at 
the  centre,  .sometimes  enclosing  a minute  little  grain  of  .siliceous,  or 
calcareous,  or  some  other  mineral  suljstance.  It  is  commonly  of  a 
dull,  yellow  colour,  but  gray  oolitic  lime.stone  is  not  unfi-equent.  Its 
peculiar  structure  gives  it  the  character  of  a free.stone,  working  ea.sily 
in  any  tlirection  ; whence  its  value  as  a building  stone. 

Bath  stone,  Porlland  stone,  Caen  stone,  ai-e  well-known  examples  of 
oolitic  limestone,  but  the  oolitic  structure  is  by  no  means  confined  to 
what  Ls  known  as  the  Oolitic  formation,  since  many  parts  of  the  Carlxm- 
iferous  limestone  of  Iridaud  t are  equally  oolitic  and  highly  valued  a.s 
building  .stone,  and  the  structure  occurs  even  among  the  recent  lime- 
stone of  coral  i-cefs. 

Pisolite  is  a variety  of  oolite,  in  which  the  concretions  become  as 
large  as  peas.  A pi.solitic  limestone  near  Cheltenham  is  spoken  of  by 
the  quaiTvmen  as  the  “ j>€a  yritT  It  i.s  a structure  not  contineil  to 
limestone,  however,  a.s  other  rock.s  or  minerals  occasionally  a.ssume  it. 

• No  c'xp<Tienco<l  nriti8)i  geologist  would  Im?  likely  to  confound  i-hamcteristic  8j>eoiineu.s 
of  the  limestones  of  the  Silurian,  Carlwnifcrous,  Oolitic,  and  Cretaceous  fonnation.sof  Britain 
and  Western  Euroj:»e,  while  no  one  could  pwtend  to  distinguish  with  certainty  from  mere 
lithological  chann.-ters  between  the  argillaceous  or  arenaceous  rocks  of  those  different  for- 
mations. 

t The  limestone  In  the  ncighl)ourhoo<l  of  E<lendcrr>'  in  county  Kildare,  and  large  parts 
of  the  Carboniferous  linieatono  of  the  counties  of  Limerick,  Ti[)i>crnr>',  Queen’s  County,  and 
Mayo,  are  perfectly  oolitic  in  structure,  sometimes  more  regularly  so  than  tlie  majority  of 
the  oolites  bdo.’igiug  to  that  which  is  called  the  Ot»litic  formation. 
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Many  limestones  arc  named  from  their  containing  some  peculiar 
variety  of  fossil,  as  Xumnmlikj  Cli/menia^  Crinoidal  limestone,  and  Shell 
limestone y or  Muschelkalk.  • 

Others  have  loail  names  given  them,  its  the  Calcaire  grassier  of  Paris, 
a coarse  limestone,  some  beds  of  which  are  used  for  building,  while 
others  are  a mass  of  broken  shells. 

Ci]H)lino  is  a granular  limestone  contauiing  mica  ; Majolica^  a white, 
compact  limestone  ; Scaglia,  a red  limestone  in  the  Alps. — (Murchison 
and  Nicol,  in  Johnston^ s Pkgsical  Atlas) 

Ireland  aspecially  abounds  in  a great  variety  of  limestones  used  for 
ornamental  marbles,  such  as  the  green  serpentine-marble  of  Ballyna- 
hinch  in  Galway,  the  black  marble  of  Kilkenny,  the  brown,  red,  and 
dove-coloured  marble  of  Cork  and  Anuagh  ; and  many  others  less 
known,  and  some  of  them  unworke<l,  but  eipially  beautiful,  with  those 
that  are.  In  Derbvshire  and  North  Statlbixlsliire,  we  have  a similar 
abundance  of  ornamental  marbles. 

Fresh  water  limestows  have  commonly  a peculiarity  of  aspect,  from 
which  their  origin  may  sometimes  be  suspected,  even  befora  examining 
their  palseontological  contents,  or  petrological  relations.  They  are  gene- 
rally of  a ver}’’  smooth  texture,  and  either  dull  white  or  pale  gray,  their 
fracture  only  slightly  conchoidal,  rarely  splintery,  but  often  soft  imd 
earthy. 

Travertine  when  massive,  is  generally  of  a yellow  or  bro^\Ti  colour, 
and  a smooth  and  compact  texture,  but  is  .sometime.s  perfectly  crystal- 
line. It  is  often  mottled  with  concentric  splieroidal  bands  of  colour, 
from  an  inch  to  several  feet  in  diameter. 

Stalactites  and  Stalagmites  are  usually  white  or  pale  yellow  in  colour, 
but  sometimes  of  a darker  yellow  or  brown  colour.  'Fliey  are  com- 
monly wrinkled  externally  in  little  ridges,  taking  the  form  of  the  water 
that  trickled  over  the  surface  ; inteniallv  they  exhibit  concentric 
coats  due  to  the  method  of  their  gradual  deposition  by  successive  films. 
It  often  happens,  however,  that  radiating  ciystalliue  fibres,  or  even 
crystals  half  inch  in  diameter  traverae  many  of  these  films  without 
obliterating  them,  so  that  the  whole  has  become  perfectly  crystalline 
internally,  sub.^equently  to  the  fonuation  of  the  concentric  coats,  and 
while  vet  additional  cfincentric  coats  are  being  added  exU^niallv. 

Flint  and  Chert. — The  association  »)f  Hints  with  Chalk  is  n^ell  known. 
Chalk  flints  occur  as  rounded  nodular  masses,  of  very  irregular,  and 
sometimes  fantastic  shajie,  and  of  all  sizes,  up  to  a foot  in  diameter. 
They  are  commonl}'  white  outside,  but  inteniallv  aixi  of  various  shades 
of  black  or  bro\Mi,  sometimes  jiassing  into  white.  They  have  some- 
timers  concentric  bands  of  black  and  nhite  colours  internally,  and 
exhibit  markings  derived  from  oi'gunic  bodies  round  which  they  have 
often  been  formed,  f'lint  occurs  in  the  Chalk  not  only  in  nodules,  but 
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also  in  seams  or  layei*s,  sometimes  short  and  iri’egular,  sometimes 
rej^ilar,  over  a distance  of  several  j'ards.  Tliese  seams  vary  from  half 
an  inch  to  two  inches  in  thickness,  and  are  commonly  black  in  colour. 


Fig.  7. 

Sketch  of  .Home  txMls  of  limcst<me  containing  nodules  of  white  chert,  at  Middlotcm  Moor, 
in  nerby.shire,  in  which  the  irregular  nn«l  fnnta.stic  shapes  n.ssumed  by  these  nodules  are 
well  exhibited,  ns  also  their  likenc.ss  to  Hints  in  the  Chalk. 


Almo.st  all  larj.'e  masses  of  limestone  have  their  flints  or  siliceous 
fdiicretions.  These  are  fre<[uently  willed  chert ^ as  in  the  Carl>oniferous 

limestone,  where  the 
iifKlules  and  1 avers  of 
chert  exactly  resemble 
the  flints  in  the  Chalk. 

Even  the  teiliaiy 
limestones  around  Paris 
have  their  flints,  the 
menilite  of  that  locality 
being  nothing  but  a 
siliceous  concretion, 
found  in  the  Calcain* 
St.  Ouen,  and  possibly 
other  places. 

Pure  siliceous  con- 
cretions occur  even  in 
tlie  fresh-water  limestones  and  gypsum  beds  of  M()ntmai-ti*e. 

Siliceous  Limestone. — The  silica  diffused  through  the  calcareous 
mud,  of  which  the  lime.stone  was  composed,  has  .sometimes  remained  so 
<litt'used,  instead  of  separating  as  nodules  or  layers,  producing  a chert ii 


Fig.  8. 

Part  «>f  n aeam  of  black  chert  in  the  limestone  near  Dub- 
lin. These  seams,  like  those  in  ch.'ilk,  arc  aometimes  quite 
nigulnr  for  some  distance,  and  then  either  suddenly  termi- 
nate, split  up,  or  are  subject  to  r»ther  irreg\ilarities  like 
tliose  in  the  figure. 


or  siliceous  limestone. 


Arf/iflaceous  Limestone. — Clay,  or  aig^illaceous  matter,  Im.s  frequently 
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been  deposited  with  the  calcareous,  producing  argillaceous  limestone^ 
wliich  may  be  kiiowu  by  the  earthy  odour  given  out  by  it  when 
breathed  upon. 

When  the  argillaceous  has  been  mingled  with  the  calcareous  matter 
in  veiy  lai'ge  proportion,  a .subsecpient  separation  of  the  two  has  often 
taken  place,  the  lime  having  segregated  itself  from  the  mass  in  this 
case,  as  the  siliceoas  se])arated  from  the  calciireous  matter  in  the  case 
of  flints  and  chert.  Nodular  lumps  of  limestone  are  then  produced, 
divided  from  each  other  by  little,  often  irregular,  seams  and  layers  of 
shale  or  clay.  These  concretionary  lum]>s  of  limestone  are  sometimes 
merely  scattered  throiigli  the  clay,  but  they  often  foim  regular  seams 
or  beds,  tlie  upper,  or  under,  or  both  surfa'ces  being  uneven  and  nodular. 

It  is  sometimes  difficult  to  say  whether  tlie  little  parting  films  imd 
small  seams  of  clay  which  occur  between  the  beds  have  been  deposited 
at  different  times  from  the  calcareous  imitter,  or,  having  fallen  together 
■with  it  as  an  argillo-calcareous  mud,  have  had  their  calcareous  particle^! 
sucked  out  of  tliem,  as  it  were,  by  the  segregating  influence  of  chemical 
affinity.  It  is  by  no  means  intended  to  infer  that  alternate  deposits  of 
thin  layers  of  calcareous  matter  and  purely  aigillaceous  or  arenaceous 
matter  liave  not  frequently  occurred  ; we  only  wish  to  put  the  student 
on  his  guard  against  particular  stnictures  as  proofs  of  original  deposit, 
which,  especially  in  so  active  and  unstable  a substance  as  carbonate  of 
lime,  may  in  many  instances  be  the  result  of  subsequent  agency. 

Ilgdraulic  Limestone. — Limestone  containing  a con.siderable  propor- 
tion of  silica  and  alumina  fonns  a mortar  that  sets  under  water,  and  is, 
therefore,  called  hydraulic  lime.  The  limestone  from  which  Parker’s 
cement  is  formed  contains  carbonate  of  lime,.  62  ])er  cent ; carbonate  of 
iron,  6 ; silica,  15  ; alumina,  5 ; water,  6 per  cent,  aud  some  oxide  of 
iron. — {Penny  Cycloptedkij  article  Mortar) 

Carbonaceous  or  Bituminous  Limestone. — CWbonaceous  matter,  de- 
rived either  from  decaying  vegetables,  or  perhaps  more  frequently  from 
the  decomposing  animals  of  who.se  hard  parts  the  rock  is  comjwsed, 
produces  in  like  manner  the  black  limestones,  which  are  in  some  instimees 
called  bituminous  limestones.  Little  nests  of  pure  aiithmcite,  or  other 
variety  of  carbonaceous  matter,  are  sometimes  found  in  the  hollows  of 
shells  buried  in  limestone. 

Fetid  Limestone  or  Stinkstein. — The  fetid  smell,  like  that  of  sulphu- 
retted hydrogen  gas,  given  off  by  many  limestones  when  struck  with  a 
hammer,  is  probably  another  result  of  the  decomposition  of  animal 
matter,  producing  what  is  called  fetid  limestone^  or,  by  the  Geimans, 
“ stinksteini'  Some  of  the  limestone  quarries  in  the  Carboniferous  lime- 
stone of  Ireland  may  be  smelt  at  a distance  of  a hundred  yards  when 
the  men  are  at  work. 

Arenaceous  Limestone  or  Comstone. — Calcareous  sandstone  was  de- 
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scribed  in  the  prece<ling  chapter,  and  an  arenaceous  limestone  is  very 
much  the  Siime  thing.  Sometimes,  however,  the  calcareous  matter 
predominates  so  largely  over  the  arenaceous  that  the  rock  is  faiiiy 
entitled  to  the  name  of  a limestone.  Some  cornstones  are  quarried  and 
burnt  for  lime,  not  differing  in  composition  from  a slightly  siliceous- 
looking  limestone,  and  being  either  compact  or  semi-ciystidline  in 
texture. 

Coiuflomeritic^-  Lhnestow. — Some  limestones  contain  angular  or 
rounded  fmgments  of  other  rocks,  and  thus  become  a conglomerate. 

In  the  county  of  Dublin,  some  of  the  limestones  belonging  to  the 
Carboniferous  formation  contain  fragments  of  traj),  giit,  or  slate,  vaning 
in  .size  from  a mere  sand  up  to  blocks  of  eighteen  inches  in  diameter, 
and  in  quantity  from  a few  dispensed  pieces  scattered  through  the  lime- 
stone till  they  become  a mere  conglomerate  of  other  materials, 
cemented  by  an  almost  invisible  ])aste  of  calcareous  matter. 

In  the  county  Limerick  wo  find,  in  like  manner,  gradations  from 
pme  limestone,  containing  a few  chips  of  trap  and  ash  or  a few  layers 
of  tiappcan  sand,  up  to  a calcareous  brecciated  ash,  «)nsi.sting  of  such 
a mixture  of  calcareous  and  trappean  materials  that  it  is  difliciilt  some- 
times to  say  whether  any  particular  bed  should  be  called  a limestone 
or  a trappean  ash. 

In  other  parts  of  the  county  Dublin  fix>m  those  above  mentioned, 
and  in  the  more  immediate  neighbourhood  of  the  granite  hills,  the 
limestone  contains  fragments  of  gi-anite  varying  in  the  same  way  as 
regards  size  and  shape,  but  frequently  quite  angidar,  and  several  inches 
in  diameter.  These  were  firat  described  by  Dr.  Lentaigne  in  a paper 
read  before  the  Royal  Dublin  Society  in  1851,  and  a number  of  speci- 
mens were  sent  by  him  to  the  Great  Exhibition  in  London  of  that 
year.  They  were  subse(piently  brought  before  the  notice  of  the  Geo- 
logical Society,  Dublin,  by  Professor  Ilaughton.  Flat  slabs  of  mica 
schist  have  since  been  found  embedded  in  the  limestone  of  MiUtown, 
near  Dublin,  by  Mr.  Cam)U  and  others. 

Tliese  unrounded  fragments  of  granite  and  mica  schist  may  have 
been  derived  fixun  the  waste  of  pinnacles  of  the  rock  forming  islets  in 
the  sea  in  wliich  the  limestoiMj  was  deposited,  or  they  may  in  some 
ca.ses  have  been  floated  in  the  roots  of  trees  and  other  vegetables,  just 
as  in  the  present  day  pebbles  of  haid  stone,  highly  valued  by  the 
native.s,  are  foimd  in  the  roots  of  trees  cast  up  upon  the  shore  of  archi- 
pelagoes of  coral  islands  in  the  Pacific,  as  mentioned  by  Chamisso  and 
Darwin. 

Mr.  Godwin  Austen  has  described  the  occurrence  of  a boulder  of 
Scandinavian  granite,  with  sand  and  a pebble  of  greenstone,  in  the 
Chalk  near  Croyden,  which  he  believes  were  transported  by  ice  from 
northern  latitudes. — {Q.  J.  Geol.  Soc.y  voL  xiv.,  p.  252). 
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Rottemtone. — Wherever  a siliceous  limestone  is  weathered  or  decom- 
posed by  the  action  of  the  atmosphere,  and  the  calcareous  part  removed, 
the  siliceous  skeleton  of  the  rock  is  left,  producing  what  is  known  as 
rottenstone. 

In  arenaceous  limestones,  or  ailcareous  sandstones  or  ashes,  a similar 
dark  coloured,  more  or  less  rotten  rock  is  left  by  the  weatheiing  out 
and  removal  of  the  calcareous  matter. 

Magnesian  Limestone. — Carbonate  of  magnesia  is  often  found  in 
marine  limestones,  mingled  in  various  proportions  with  the  carbonate 
of  lime.  Its  occurrence  in  small  quantity  frequently  gives  a sandy 
appeai-ance  and  gritty  feel  to  an  othen\dse  smooth  and  compact  lime- 
stone. 

In  a true  magnesian  limestone  or  dolomite,  the  crj'stallization  and 
the  pearly  lusti'e  Ls  generally  very  distinct,  though  sometimes  the  crystals 
are  minute.  Its  colour  is  commonly  some  shade  of  brown  or  yellow, 
occasionally  tinged  with  red  ; white,  gray,  or  black  varieties,  however, 
occur  sometimes  over  very  large  areas.  Dolomite  is  frequently  full  of 
cavities  from  the  size  of  walnuts  up  to  that  of  a man’s  head,  and  these 
are  often  coated*  mth  crystals  of  bitter  spar.  Dolomite  Ls  often  (piite 
disintegrated,  and  looks  like  a mere  sand  ; but  when  examined  by  the 
lens,  tliis  apparent  sand  is  found  to  consist  of  little  detached  crj'stals. 

Magnesian  limestone  is  very  variable  in  lithologiail  character.  It 
is  sometimes  of  a powdery,  earthy,  and  friable  textiu-e ; sometimes  sjdits 
into  tliin  slabs,  some  of  which  ai-e  flexible  ; sometimes  forms  singular 
concretionary  masses,  a munber  of  balls  touching  each  other,  either  like 
bunches  of  grapes,  when  it  is  called  botryoidal,  or  like  musket  balls, 
or  great  piles  of  cannon  shot.  Many  of  these  balls,  on  being  broken 
open,  are  found  to  have  a radiated  structure.  Tliat  all  these  curious 
forms  have  been  produced  subsequently  to  the  deposition  of  the  mass, 
is  shewn  by  the  fact  of  the  lines  of  deposition  or  stratification  proceed- 
ing through  them  regularly,  without  regard  to  the  spherical  outlines  or 
radiatetl  stnicture  of  the  balls. 

Magnesian  limestone  occurs  in  tw’o  forms,  original  and  metamorphic. 
In  some  limestones,  the  carbonate  of  magnesia  has  clearly  been  depo- 
sited together  with  the  carbonate  of  lime,  the  whole  having  been 
originally  formed  as  a magnesian  limestone.t 

In  other  instances,  it  can  be  shewn,  from  the  geological  conditions, 
that  whether  the  rock  originally  contained  magnesia  or  not,  its  present 
distribution  and  mode  of  occurrence,  and  its  highly  crystalline  structure, 

• Any  cavity  in  any  rock  lined  with  crystals  of  any  substance  is  called  a drusy  cavity, 
t Mr.  Sterry  Hunt  has  some  valuable  observations  on  dolomite  in  the  Reports  of  the 
progress  of  the  geological  survey  of  Canada  for  the  years  1857  and  1858.  He  shews  that,  in 
lakes,  or  In  detached  seas  having  no  outlet,  the  deposition  of  gy]>sura  and  bicarbonate 
of  magnesia  may  readily  take  place  as  the  result  of  the  mutual  decomposition  of  bicarbonate 
of  lime  and  sulphate  of  magnesia. 
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are  the  result  of  agencies  operating  subsequently  to  the  original  forma- 
tion of  the  rock,  and  affecting  a number  of  diflerent  beds  eiiuultaneously, 
along  certain  narrow  lines  of  fissure,  to  the  neighboui*hood  of  which  the 

dolomitized  condition  of  the  rock  is  confined.  These  veins  or  dvke-like 

* 

imisses  of  dolomite  sometimes  look  like  trap  dykes  nimiing  through 
beds  of  ordinaiy  limestone. 

57.  Gifpsum  occuis  as  a rock  in  various  ways.  It  sometimes  forms 
regular  beds,  sometimes  irregular  concretionaiy  ma.sses,  sometimes  veins 
and  strings  in  the  mass  of  otlier  rocks. 


Comjxict  Oj/psum  or  AlaOaster*  Ls  one  variety  ; granular,  finely 
crystalline  gj'psum  another.  The  thin  binls  and  the  veins  and  strings 
of  g\'psmn  are  coimnonly  fibrou-s,  the  fibres  being  at  right  angles  to  the 
be«l.'<.  The  g>q>sum  of  Llontmartrc,  fi'om  which  plaster  of  Paris  is 
deri\'ed,  is  cliictly  granular  gypsum,  each  bed  being  coin}X).sed  of  many 
layers  of  little  ciystaLs,  slightly  differing  in  colour  and  te.vture,  and 
thus  assuming  a regularly  laminated  ajipearance.  This  would  leail  us 
to  su])pose  that  this  rock,  which  is  associated  with  fresh-water  limestones 
and  marls,  was  formed  by  the  periodical  deposition  of  layers  of  small 
crystals  of  sulphate  of  lime  at  the  bottom  of  the  water. 

In  August  1855,  I observed  in  the  quarries  north  of  Montmartre 

one  or  two  beds,  six  or 
eight  inches  in  thickness, 
of  beautifullv  crv.stallized 

V « 

sulphate  of  lime,  in  large 
per  pendicular  plates,  inter- 
stratified  with  these  little 
Inver'S  of  crvstals.  All  the 
beds  were  hoiizontiil ; ami 
the  layers  of  small  crvstal- 
line  grains  were  quite 
parallel  to  the  stratifica- 
tion ; but  in  the  beds 
above  mentioned,  large 
tabular  crystals  and  broad 
flakes  of  selenite,  of  rather 
irr(;gular  form,  had  struck 
directly  across  the  bed, 
more  or  less  nearly  at  right 
angles  to  it,  the  original 
horizontal  lamination  not  being  obliterated,  but  being  in  .‘»ome  jdaces 
waved,  as  if  slightly  disturbed  by  the  formation  of  the  crj'sfiiUine  plates. 


Fig.  9. 

a.  Layers  of  small  crj  stallinc  grannies  of  gsrpsum. 
h,  Crj*»lalllnc  plates  of  gj'p.sum,  traversed  by  the 
faintly  seen  and  displaced  original  layers  of  grannies. 
These  lines  arc  not  sufttciontly  oblique  in  the  woodcut ; 
on  the  faces  of  some  of  the  crystals  they  form  angles 
of  35°  with  the  jdane  of  the  beds. 


• Alabaster  is  so  named  from  Alabostron,  a town  of  Egjq>t,  where  it  was  mannfnctured 
into  bt>xes.for  ointment.  The  terra  “alabaster"  was  then  applie<l  to  carbonate  of  lime,  as 
well  as  sulphate  of  lirae. 
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the  angles  of  these  waves  having  e^^dent  relation  to  the  faces  and  angles 
of  the  superinduced  crystalline  plates. 

This  formed  a good  case  of  a molecular  change  of  structure,  having 
taken  place  in  the  mass  of  the  rock  subsequently  to  its  fonnation,  like 
tliat  before  mentioned  as  occurring  in  the  spheroidal  concretions  of  mag- 
nesian limestone,  and  iu  the  structure  of  stalactites  and  the  limestone 
of  coral  reefs.  It  yet  remains  for  the  chemist  to  explain  to  us  the  exact 
method  of  operation  by  which  these  changes  are  produced. 

58.  Rock-salt  commonly  occurs  iu  Britain  as  a rudely  crystalline, 
irregularly  bedded  mass,  commonly  stained  of  a dirty  red  by  the  mixture 
of  ferruginous  clay  and  other  impurities.  Perfect  cubical  and  transpa- 
rent crystals  occasionally  occur,  and  curious  spheroidal  bands,  of  a white 
colour,  are  sometimes  observable  in  the  roof  of  a salt  mine.  Bed-like 
masses  of  rock-salt  are  often  60  or  90  feet  thick,  thinning  out  probably 
in  all  directions,  and  thus  taking  the  form  of  large  cakes.  In  other 
coimtries,  more  numerous  beds  occur,  but  not  making  up  larger  masses. 
In  some  of  these,  the  salt  is  perfectly  pure  and  white  ; but  in  all  coun- 
tries, and  in  all  geological  formations,  I believe  I am  correct  in  saying 
that  the  association  of  salt  with  g}q)3um,  and  with  green,  red,  and  vai  ie- 
gated  marls,  is  a frequent  if  not  invariable  occurrence.  We  have  already 
seen  how  natural  and  almost  inevitable  is  the  occurrence  of  gypsiuu 
with  rock-salt  ; but  the  accompaniment  of  red  and  variegated  clays  has 
not  yet  been  explained.  When  it  is,  it  will  probably  throw  great  liglit 
on  the  circumstances  under  which  the  rock-.salt  itself  has  been  deposited. 
Dolomite  is  also  often  found  in  connection  with  rock-salt. 

59.  Coal  is  a rock  the  general  aspect  and  nature  of  which  is  fami- 
liar to  everybody.  Its  chemic.al  composition  has  been  spoken  of 
alrea<ly,  and  its  resemblance  to  that  of  wood,  and  the  way  in  v hich 
wood  might  be  converted  into  coal  by  a slight  alteration  in  the  propor- 
tion of  its  component  parts,  and  an  accompanying  physical  consolida- 
tion (see  p.  140). 

Coal  is  very  commonly  divided  into  bituminous  and  non-bituminous. 
Now  bitumen  is  rather  a vague  tenn,  including  several  combustible 
substances,  such  as  asphalt  or  mineral  pitch,  elastic  bitumen  or  minend 
caoutchouc,  naphtha,  j)etroleum,  etc.  These  bituminous  substances  are 
all  either  fluids,  or  are  readily  soluble  in  alcohol.  It  is,  however,  im- 
possible to  dissolve  any  apj)reciable  portion  of  coal  in  alcohol,  whudi 
shews  that  it  does  not  contain  any  actual  bitumen,  though  it  may  con- 
tain the  constituents  of  it.  The  natimil  and  artificial  bitumens  are  the 
result  of  the  decomix)sition  of  vegetable  matter,  and  may  be  extracted 
also  from  coal  by  subjecting  it  to  distillation.  They  always  contain 
from  7 to  9^  per  cent  of  hydrogen,  combined  with  carbon  and  oxygen. 
The  so-called  bituminous  coals,  then,  are  those  in  which  the  mineral- 
izing process  has  only  proceeded  to  a certain  extent,  leaving  a consider- 
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able  proportionate  amount  of  hydrogen  and  oxygen  in  their  composition  ; 
wliile  those  called  non-bitiuniiioiLs  are  those  from  which  a greater  quan- 
tity of  the  latter  substances  have  been  extracted,  and  a larger  proportion 
of  cai'bon  left  behind.  If  the  decomposition  of  wood  results  in  the  for- 
mation of  carbonic  acid  gas,  which  tikes  away  both  carbon  and  oxygen, 
or  of  carburetted  hydi’ogen,  •which  takes  away  a large  proportion  of 
carbon,  the  carbon  in  the  remainder  will  not  be  in  such  excessive  pro- 
portion, and  the  constituents  of  the  resulting  coal  will  more  nearly 
resemble  those  of  bitumen.  In  this  sense  they  may  be  called  bitu- 
minous coals.  If,  however,  a large  portion  of  the  oxygen  and  hydrogen 
be  extracted,  either  as  water  or  in  any  otlier  form,  the  proportion  of 
carbon  in  the  remainder  becomes  excessive  compared  with  that  in  the 
composition  of  bitumen  ; and  hence  the  coals  may  be  called  non- 
bituminous. 

Coals  vary  greatly,  not  only  in  the  proportions  of  their  essential 
constituents, — carbon,  hydrogen,  and  oxygen,  but  also  in  the  amoimt  of 
earthy  matter  (forming  ash)  which  has  been  accidentally  and  mechani- 
cally mingled  with  those  constituents.  We  have  seen  that  the  per- 
centage of  ash  is  sometimes  as  much  as  35  per  cent  in  coals  tliat  have 
been  ragularly  amdyzed.  In  poorer  varieties  of  coal,  however,  such  as 
are  never  brought  to  maiket,  but  which  are  occasionally  used  in  parti- 
cular loailities,  this  i)ercentage  must  be  still  greater  ; and  we  have  in 
nature  every  gradation,  from  pure  coal  into  a mere  carbonaceoiLs  (com- 
moidy  called  bitimiinous)  shale  or  “ batt,”  which  often  contains  enough 
iiitiaminable  matter  to  give  out  flame  and  support  combustion  for  a time 
when  burnt  with  better  coals,  but  soon  passes  into  a lump  of  ash,  unal- 
tered in  form,  and  not  retaining  heat  longer  than  a brickbat  would 
under  similar  cii’cumstauces.  Tliesc  hatts^  shales,  or  slates,  often  accom- 
})any  coal,  being  found  not  only  either  just  above  or  just  beloiv  it,  but 
in  it.  In  the  form  of  thin  seams,  layei’s,  or  cakes,  which  are  often  not  to 
be  separated  from  it  without  some  trouble. 

Just  as  limestone  is  ofteji  mingled  with  clay,  and  passes  through 
argillaceous  limestone  and  calcareous  clay  (or  marl)  int<3  clay  itself,  so 
coal  passes  through  earthy  or  tushy  coal,  an<l  carlxmaceous  shale,  into 
common  shale  or  clay,  no  ver}’  haul  boimdarj*  line  being  to  be  draim 
between  the  many  minor  graduating  varieties  of  the  tlilfereut  sub- 
.«taiice.s. 

Discarding  the  inquire  or  imperfect  coals,  the  recognisable  varieties 
of  gooil  coal  are  sufliciently  numerous.  They  may  be  grouiied  under 
three  heads, — anthracite,  ordinaiy  or  pit  coal,  and  broiim  coal  or 
lignite. 

Brown  Coal  or  Lignite  sometimes  shews  the  structure  of  the  plants 
fnunwliich  it  is  derived  but  little  alUu’e<l  from  their  original  condition  ; 
stems  with  woody  fibre  “ crossing  each  other  in  all  directions.  It  is  of 
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a more  or  less  dark  colour,  soft  and  mellow  in  consistence  when  freshly 
quarried,  hut  becominj'  hrittJe  by  ex})osure,  the  fracture  following  the 
direction  of  the  fibre  of  the  wood.” — Chemical  Technology^  Ronalds  and 
Richardson^  vol.  i.,  p.  32.) 

“ Other  kinds  present  only  occasional  distinct  indications  of  vege- 
table structure,  and  appear  throughout  as  a stratified  mass  of  a dai  k, 
nearly  black  colour,  with  an  earthy  fracture  ; while  in  some  varieties 
tlie  structure  is  still  more  dense,  and  the  fracture  is  conchoidul.” 

—m 

Tlie  latter  varieties,  as  in  the  case  of  the  Bovey  coal  of  Devonsliire, 
are  often  scarcely  distinguishable  by  any  external  characters  from  some 
varieties  of  ordinary  coal. 

Ordinary  or  Pit  Coal  has  many  varieties ; indeed,  these  are  often  as 
numerous  as  the  ditterent  seams  of  a coal  field,  and  even  the  different 
beds  of  a compoimd  seam  are  readily  distinguished  from  each  other  by 
the  colliers,  who  give  particular  names  to  them  ; and  even  small  blocks 
of  these  varieties  can  be  recognised  by  them,  and  identified  with  the 
seam,  or  part  of  a seam,  from  which  they  are  derived.  Not  only  do  the 
different  l)etls  of  a compound  seam  present  distinguishable  varieties, 
but  it  sometimes  happens,  that  the  very  same  identical  layer  of  coal 
changes  its  character  and  quality  in  different  parts  of  its  area.  Neither 
are  these  distinctions,  which  are  only  to  be  perc(dved  after  long  prac- 
tice, unimporhint,  since  these  varieties  have  distinct  qualities,  some  of 
tliein  beuig  better  a<la])ted  to  smelling,  and  said  to  be  “ good  fimiact* 
coal  some  of  them  to  blacksmiths’  work,  or  “ good  shop  coal others 
to  various  uses  ; while  only  a few,  comparatively,  are  best  fitted  for 
domestic  purposes,  and  are  bi-ought  to  market  by  the  coal-merchant.’^ — 

* I have  entered  a little  nu»re  into  detail  on  the  subject  of  the  extreme  variation  in  the 
character  of  coal  than  I might  otherwise  have  done,  tiecause  it  has  lately  assiuued  a j)rac- 
tical  importance.  Ijcgal  trials,  involving  large  sums  of  money,  have  taken  place,  as  to 
whether  a certain  l>ed  of  coal  in  the  Lanark  cuuKlelil,  called  “Boghead  or  Torhanchill  coal," 
be  entitled  to  be  called  coal  or  not. 

Coal  is  a wonl  in  common  nse,  not  a acicntific  tenn  invented  to  expres.s  a certain  definite 
idea,  or  applicable  only  to  a certain  definite  sul>stance,  and  the  common  meaning  attache*! 
to  it  ought,  in  my  opinion,  to  be  its  legal  meaning. 

If  coal  Im;  h)oked  U]>on  as  a “ mineral  ” in  the  strict  .scientific  sense  of  that  term,  it  should, 
of  cours4»,  l»c  capable  of  a definititfii,  since  a minerai  has  already  been  said  to  be  a sui>stance 
having  “ a definite  chemical  composition,  and  a certain  definite  form.”  It  is,  however,  quite 
ob\ious  that  coal  has  neither  the  one  nor  the  other  of  these,  and  thercfoit;  is  not  i)roperly 
a “ mineral ’’  Hence  the  difficulties  met  with  by  a numl)er  of  chemists  and  mineralogists 
in  their  alteuipt.s  to  treat  the  Boghead  coal  o.s  a mineral,  either  chcmicallj’  or  by  the  physical 
characUirs  of  colour  of  .streak,  hartlne.ss,  sirecific  gravity,  lustre,  aiul  so  on. 

If,  on  the  other  luind,  we  look  on  coal  a-s  a rock,  which  is  the  true  inethcKl  of  reganliug 
it,  we  are  at  once  relieved  from  the  necessity  of  attempting  to  define  an  indefinite  sub.sfance, 
and  prci>ar<.-d  to  admit  as  many  gradations  of  variety  in  it  as  there  are  in  samlstones,  lime- 
stones, or  clays. 

Any  stratified  rock  that  would  bum,  that  is  to  say,  one  of  which  a fire  could  be  ma«le 
and  kept  up  without  the  addition  of  any  other  substance,  would  be  as  fairly  entitled  to  be 
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(See  Memoirs  of  Qeol.  Survey,  South  Staffordshire  Coalfield,  2d  edition, 

p.  18.) 

Some  idea  of  the  number  of  varieties  of  coal  may  be  gained  from 
an  inspection  of  the  report  of  the  Admiralty  Coal  Investigation  {Merns^ 
Geolog,  Surrey^  vol.  i.),  as  well  as  from  the  varying  qualities  of  those 
which  we  are  in  the  habit  of  using  daily  in  our  houses.  “ As  many 
a.s  seventy  denominations  of  coal  are  said  to  be  imported  into  London 
alone.” — {Ckem.  Tech.) 

All  these  minute  varieties  are  commonly  includetl  under  four 
principal  heads  : — 1,  Caking  coal  ; 2,  Splint  or  hard  coal  ; 3,  Cherry 
or  soft  coal,  and  4,  Camiel  or  parrot  coal. 

Caking  Coal  is  so  named  from  its  fusing  or  running  together  on  the 
fire,  so  as  to  form  clinkei-s,  requiring  freciuent  stii-ring  to  prevent  the 
w’hole  mass  being  welded  together.  It  breaks  conmionly  into  small 
fragments  with  a short  uneven  fnicture.  The  Newcastle  coal,  and 
many  others  from  ditierent  localities,  are  caking  coals.  They  leave 
many  cinders  and  a dark  dirtv  ash. 

Splint  or  Hard  Coal  is  well  kno^vn  in  the  Glasgow’  coal  field.  It  is 
not  easily  broken,  nor  is  it  easily  kindled,  though  when  lighted  it 
affords  a clear  lasting  fire.  It  can  be  got  in  much  larger  blocks  than 
the  caking  coals. 

“ Cherry  or  Soft  Coal  is  an  abundant  and  beautiful  variety,  velvet 
black  in  colour,  with  a slight  uitennixture  of  grey.  It  has  a splendid 
or  shining  resinous  lustre,  does  not  cake  W'hen  lieated,  has  a clear  slialy 
fractui'e,  is  easily  frangible,  and  readily  catches  fire.” — {Chem,  Tech) 
It  leiives  comparatively  few  cinders,  and  its  ash  is  white  and  light.  It 
requires  little  stirring,  and  gives  out  a cheeiful  flame  and  heat.  The 
Staffordshire  coals  principally  belong  to  this  variety. 

Cannel  or  Parrot  Coal  is  allied  cannel  from  its  burning  with  a clear 
flame  like  a candle,  and  parrot  in  Scotland  from  its  crackling  or  chat- 
tering when  burnt  Caimel  coal  varies  much  in  appearance,  from  a 
dull  cjirthy  to  a brilliant  shiny  and  waxy  liLstre.  It  is  always  compact, 
and  does  not  soil  the  firigere.  Its  fracture  is  sometimes  shaly,  some- 

called  coal  by  the  geologists,  ns  it  wouhl  by  people  in  gcuenil ; and  neither  chemist,  mineral- 
ogist, nor  microscopist,  nor  any  other  persons,  would  l>e  entitled  to  say  that  it  wn-s  not  coal, 
because  it  might  not  happen  to  come  within  the  limits  of  any  definition  it  may  please  them 
to  frame  for  coal. 

A geologist  is  as  fairly  entitled  to  bo  an  authority  as  regards  «m’1cs,  ns  a Imtanist  witli 
respect  to  plants,  a nmlngist  with  respect  to  animal.s,  or  a mineralogist  with  respect  to 
minerals.  The  geologist  is  quite  right  in  ajipenling  for  information  to  each  of  the  abovc- 
nanu*<l  classes,  and  all  of  them  to  the  chemist,  but  when  the  person  ajqditrd  to  has  given 
that  informalion,  he  is  not  warranted  in  usurping  the  authority  of  the  n]>plicant,  and  dictat- 
ing to  him  08  to  the  use  which  he  may  make  of  the  information  aUbrded,  or  limiting  hia 
Judgment  upon  it. 

Even  if  it  could  be  shewn  tliat  the  Boglieml  coal  wa-s  fonned  from  a clay  Impregnated 
with  bitumen,  that  w’ould  not  prove  that  it  was  not  coal,  it  would  merely  shew  that  there 
were  more  ways  of  forming  coal  than  we  had  previously  been  aware  of. 
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times  compact.  The  bright  shining  varieties  often  bum  away  like 
wood,  leaving  scarcely  any  cinders  and  only  a little  white  ash.  The 
duller  and  more  earthy  kinds  leave  a white  ash,  retainbig  nearly  the 
same  size  and  shape  as  the  original  lumps  of  coal.  Cannel  coal  often 
takes  a good  polish,  and  can  be  worked  into  boxes  and  other  articles. 

Jet  is  an  extreme  variety  of  cannel  coal  in  one  direction,  as  halt  or 
carbonaceous  shale  is  in  another. 

Anthracite  is  heavier  than  common  coal,  with  a glos.sy,  often  irri- 
descent  lustre,  and  a more  completely  mineralized  appearance.  It 
rarely  soils  the  fingers,  has  a distinctly  sharp-edged  conchoidal  fracture, 
or  else  breaks  readily  into  small  cubical  lumps.  It  is  not  easily  ignited, 
but  when  burning  gives  out  an  intense  heat,  so  as  to  sometimes  melt 
the  bars  of  the  grate  or  fiunace  in  wliich  it  is  used.  It  does  not  fiame, 
and  gives  off  but  little  smoke,  being  in  this  respect  similar  to  coke  or 
charcoal. 

In  many  ordinaiy  coals,  little  flakes  of  mineral  charcoal  occur, 
retaining  that  paii;  of  the  vegetable  structure  called  the  vascular  tissue. 
Tliey  are  called  “ mother  of  coal  ” by  the  colliei-s  in  some  places.  “ It 
is  frequently  seen  in  the  form  of  a thin  silky  coating,  covering  some 
of  the  surfaces  of  the  coal.” — (Pi-ofessor  Harkness  on  Coal,  Edinburgh 
New  Philosophical  Journal^  July  1854.)  MicTOScopical  examination 
exhibits  not  only  the  vascular  but  the  cellular  tissue  of  plants  in  the 
substance  of  many  coals,  as  was  shewTi  by  ^tr.  Witham  in  his  work  on 
the  structure  of  fo.ssil  plants,  and  by  many  observ’ei-s  since. 

The  Face  or  Clcet  of  Coal. — Most  coals  have  a peculiar  structure,  which 
bears  a slight  analogy  to  the  crystalliziition  of  a mineral.  They  break 
or  split  not  only  along  the  bedding,  but  across  it,  along  two  set  of 
planes  at  right  angles  to  the  bedding  and  to  each  other.  The  smooth 
clean  faces  produced  by  one  of  these  planes  are  more  marked  and 
regular  than  that  produced  by  the  other,  as  may  be  seen  by  examuiing 
any  lump  of  coal.  The  principal  of  these  division  planes  are  called 
by  the  colliers  the  face  of  the  coal,  the  other  being  called  the  hack  or 
end  of  the  coal.  They  presen'e  their  parallelism  sometimes  over  very 
wide  areas ; and  the  mode  of  working  or  getting  the  coal,  and  the 
direction  of  the  galleries,  is  governed  by  the  direction  of  the  face. 
It  is  a structure  wdiich  is  probably  the  result  of  the  mineralizing 
process  undergone  in  passing  from  on  organic  to  an  inorganic  state,  or 
mther  perhaps  from  im  incoherent  to  a consolidated  condition,  and  is 
one  case  of  the  “ joint  ” structure  of  rocks,  mider  which  head  it  will 
be  spoken  of  hereafter. 


CHAPTEPt  VII 


AERIAL  ROCKS. 

Although  the  amount  of  rocks,  or  accumulations  of  earthy  matter, 
formed  of  materials  which  were  brought  into  their  present  situation  by 
the  action  of  the  wind,  is  comparatively  of  small  importance,  it  is  not 
exj)edient  wholly  to  overlook  this  action.  Along  all  low  sandy  coa.sts, 
hills  are  formed  of  drift  sand,  which  sometimes  attain  a considerable 
altitude,  as  much,  for  instance,  as  200  or  300  feet.  These  hills  aix; 
commonly  called  “ dunes.”  They  have  been  described  as  advancing  on 
the  low  shores  of  France,  in  tlie  Bay  of  Biscay,  at  the  rate  of  sixty  and 
seventy  feet  jier  amiimi,  overwhelming  houses  and  farms  in  their  pro- 
gress.* Similar  accumulations  take  place  on  the  coast  of  Cornwall, 
where  the  sand,  comj)OStKl  largely  of  fragments  of  shells  and  corals, 
becomes  converteil  sometimes  into  a hard  stone  by  carbonate  of  lime 
or  oxide  of  ii'on. — {Dt  la  Jieche's  Manual.) 

Lieut.  Nelson  has  described  similar  aerial  accumulations  in  the 
Bermuda  Islands,  giving  them  the  name  of  molian  locks. 

Along  the  south  coast  of  Wexfoixl,  as  also  in  Smenvick  harbour 
(county  Kerry),  and  other  parts  of  the  British  Islands,  similar  accumu- 
lations are  in  progi’ess. 

On  the  eastern  coast  of  Australia,  about  Sandy  Cape,  this  process 
is  going  on  on  a still  larger  scale.  In  Port  Bowen,  in  the  same 
neighbourhooil,  I once  saw  a very  goo<l  instance  of  it.  Tlie  rise  and 
fall  of  tide  there  is  as  much  as  sixteen  feet ; and,  at  low  water,  great 
sandbanks  are  exposed,  derived  from  the  shallow  sea  outside,  and  the 
waste  of  the  porphyritic  rocks  on  the  coast.  These  sandbanks  rajiidly 
dry  under  the  hot  sun ; and  the  trade-wind,  which  blows  home  upon 
the  shore,  then  drifts  the  sand  up  upon  the  beach,  and  piles  it  into 
hills  50  or  60  feet  high.  Behind  these  hills  is  a large  mangnn’e 
swamp,  which  is  being  gradually  buried  under  the  advancing  sand, 
some  of  the  mangrove  trees  only  just  peering  above  it,  others  half 
covered,  and  so  on.  Tlie  drift  of  sand  through  the  gaps  of  the.se  dunes 

• This  propre.ss  Ins  within  the  lust  quarter  of  a century  heen  arrested  by  the  planting 
of  pine  forests,  the  turi)entinc  of  which  lias  become  the  source  of  a largo  revenue. 
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vr&s  exactly  like  a snow-drift  in  a hea'vy  stomi  whenever  the  wind  blew 
freshly. 

Large  districts,  wHith  hills  of  200  or  300  feet  in  height,  are  found 
also  on  the  coasts  of  Western  Australia,  stretching  sometimes  ten  miles 
inland,  foi-metl  of  loose  incoherent  sand,  once  apparently  drifted  by  the 
wind,  though  now  brought  to  rest  by  the  growth  of  a wide-spread  forest 
of  gimi-trees.  Pails  of  these  sands,  which  consist  greatly  of  grains  of 
shells  and  corals,  are  compacted  together  into  a stone,  haixl  enough  to 
be  used  for  building,  by  the  action  of  the  rain-water  dissolving  some  of 
the  carbonate  of  lime,  and  re-depositing  it  on  evaporation.  Curious  cylin- 
drical stems,  from  one  inch  to  eighteen  inches  in  diameter,  are  there 
seen  projecting  from  the  soil,  and  have  been  taken  for  petrified  trees, 
which  they  gi’eatly  resemble ; but  I observed,  in  1842,  a number  of 
these  supposed  trees  exposed  in  a little  cove,  south  of  the  entrance  of 
Swan  River,  entling  dovniwards  in  tapering  fonns  like  stalactites ; and 
I believe  them,  therefore,  to  have  a stalactitic  origin,  due  to  the  perco- 
lation of  water  down  particuhir  pipes  and  channels  in  the  sand. 

Nor  is  it  along  the  coast  only  that  such  accumulations  are  taking 
place.  In  the  interior  of  gi’Ciit  dry  continents,  there  are  vast  spaces 
covered  with  sand  and  sand-hills,  which  aio  shifted  and  carrie<l  about 
by  the  wind,  just  as  some  sandbanks  are  deposited  now  here  now  there, 
carried  about  bv  the  water.  We  have  but  to  recall  to  the  mind  of  the 
reader  the  well-known  stories  of  caravans  crossing  the  desert,  being 
met  and  sometimes  ovenvhelmcd  by  moving  columns  of  sand,  and  tlie 
way  in  which  many  of  the  temples  of  Egj^pt  have  been  buried  under 
such  accumulations,  for  him  to  see  that  this  action  cannot  be  altogether 
overlooked.  Egx'pt  would  probably  have  been  long  ago  obliterated  by 
drift-san<l  if  it  had  not  been  for  the  Nile,  and  the  strip  of  vegetation 
that  accompanies  and  defends  it.  In  the  interior  of  Austndia,  Captain 
Sturt  reports  the  existence  of  vast  deserts  of  sand,  with  long  lines  of 
great  sand-hills,  200  feet  high,  the  base  of  one  toucliing  that  of  its 
neighboure,  and  idl  stretching  in  straight  lines  each  way  to  the  horizon. 

It  would  be  quite  proper  also  to  class  among  aerial  rocks  such 
accumulations  of  tuff  as  were  derived  from  volcanic  ashes  falling  on 
the  land,  and  also  the  masses  of  pebbles,  cinders,  and  fragments  so 
derived,  were  it  not  more  convenient  to  describe  them  in  connection 
wdth  the  volcanic  rocks,  so  as  not  to  separate  in  our  account  those 
falling  on  the  Lind  from  those  deposited  in  water. 

Soil. — The  accmnulation  of  decayed  vegetable  matter,  mingled 
sometimes  with  animal,  always  with  earthy  mineml  matter,  which  is 
called  “ soil  ” or  “ mould,”  is  also  an  aerial  process,  deserving  of  more 
attention  than  it  has  yet  received.  Soils  sometimes  occur  as  distinct 
rocks,  interstratified  with  other  rocks. 


CHAPTEK  VIII. 

THE  METAMORPHIC  ROCKS. 

Preliminary  Observations. 

Concretions. — Tlie  sej^-egation,  into  concretionary  lumps  and  nodules, 
of  siliceous  from  calcareous  matter,  and  of  calcan^ous  from  argillaceous, 
has  been  already  described,  and  the  radiated  and  concretionar\'  forms  jis- 
sumed  sometimes  by  magnesian  limestone  subseriuently  to  its  deposition, 
and  the  superinduced  crystalline  structure  across  the  concentiic  coats  of 
stalactites  and  the  layers  of  granular  gj'psum.  These,  liowever,  are  not 
the  only  instances  of  such  sej)aration  of  paiTs,  and  a'^'^umption  of  new 
fonus  and  combinations,  by  the  i)articles  of  rock  after  their  deposition, 
and  after  their  more  or  less  complete  consoli<lation.  Any  mineral  dif- 
fused in  a state  of  minute  ilivision  through  a mass  of  dilferent  nature 
from  itself,  seems  to  have  a tendency  to  segregate  itself  fi*om  the  mass, 
and  collect  together  upon  certain  points  or  centres.  Iron,  either  in  tlie 
fonii  of  iron  j)yrites  (bi-sulphide  of  iron),  or  ironstone  (clayey  airbonate 
of  iron,  or  ha?matite  (oxide  of  iron),  freiiuently  forms  such  concrtdionar}' 
lumps.  Iron  pyrites,  either  in  cubical  crystals,  or  in  balls  with  an 
internal  radiated  structure,  is  fi-equent  in  all  aigillaceous  and  calcareous 
rocks,  aiul  in  many  tiap  rocks. 

Ironstone  Balls  and  Si'ptaria. — Ironstone  forms  regidar  layers  (d 
round  nodules,  sometimes  as  much  as  a foot  or  eighteen  inches  in 
diameter,  in  many  argillaceous  rocks.  These  nodules,  when  broken 
open,  are  often  fouiul  to  be  tmvcrsed  by  cnicks  in  all  directions,  more 
or  less  filled  up  with  crysbilline  spar  (carbonate  of  lime,  etc.),  together 
with  crystals  of  galena,  blende,  iron  pjTites,  and  other  minemls. 

In  other  clays  carbonate  of  lime,  minglwl  perhaps  with  ii*on,  pro- 
duces similar  stones,  called  Sfptaria  or  cement  stones.  They  often  take 
a polish,  and  the  sparry  veins  protluce  a pattern,  wliich  causes  them  to 
be  used  for  marble  tables  or  similar  ])uri)oses. 

In  these  seplaria  and  ironstone  balls  the  external  crust  is  generally 
smooth  and  compac  t,  the  internal  cracks  becoming  larger  and  more 
numen)us  as  they  proceed  towards  the  centre.  As  the  cracks  are 
obviously  the  result  of  desiccation  and  consequent  contraction,  and  as 
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the  external  crust  would  natui-ally  he  the  first  part  to  consolidate,  it 
does  not  at  first  seem  obWous  why  the  cracks  should  not  occur  outside 
rather  than  in. 

Professor  Hennessey,  however,  remarked  to  me,  that  in  the  case  of 
volcanic  honihs,  which  have  a similar  stnicture,  the  fact  of  the  prelimi- 
nary consolidation  of  the  external  crust  was  the  cause  of  the  internal 
fissuring,  since,  when  tlie  crust  was  formed,  no  farther  shrinking  or 
contraction  of  the  wliole  hotly  could  take  place  ; and  tlie  intenml  jiai-ts 
heuig  thus  relieved  from  external  pressure,  would  shrink  and  contract 
among  themselves,  being  rather  attracted  towards  the  dense  external 
crust  than  towards  the  centre.  If  consolidation  conunenced  at  tlie  centre, 
tlie  whole  nodule  would  have  contracted  towards  the  centre,  and  thus 
have  shniiik  into  a less  size  and  a denser  state,  without  the  occurrence 
probably  of  either  external  or  internal  cracks. 

Nodults. — Hseinatite,  whether  red  or  brown,  affects  a kidney-shaped 
concretionary  form,  often  hollow,  with  a minutely  radiated  stnicture  at 
right  angles  to  the  surface  of  the  ma.ss. 

Other  minerals,  such  as  galena  and  blende  (the  sulphides  of  lead 
and  zinc),  occur  in  small  balls  or  nests  in  some  rocks,  evidently  formed 
08  concretions,  and  not  rolled  fragments  or  pebbles. 

Many  shales  decompose  into  lai'ge  round  nodules,  sometimes  two  or 
three  feet  across,  and  these  sometimes  enclose  other  nodules,  the  lamina- 
tion of  the  rock  proceeding  straight  across  them  ; and  many  sandstones 
are  marked  by  concentric  bands  of  colour. 

Metamorjikk  Actions. — This  assumption  of  a condition  more  or  less 
different  from  that  possessed  by  rocks  at  the  time  of  their  original 
fonnation,  leads  us  naturally  to  consider  the  next  great  division  of  our 
subject,  the  metamorphic  or  tninsformed  rocks. 

Pressure. — The  merely  physical  force  of  pressure,  as  aqueous  rocks 
after  their  formation  become  gradually  covered  by  subsequent  accumula- 
tions, must  prwluce  change  in  them  in  the  way  of  consolidation  and 
induration.  This  pressure  will  of  itself  be  sufiicient  in  some  cases  to 
cause  the  hitherto  incoherent  particles  of  sand  or  clay  to  cohere  and  be 
compacted  into  a solid  stone.  It  will,  however,  be  greatly  assisted, 
either  by  the  infiltration  of  water  containing  mineral  matter  in  solu- 
tion, or  of  pure  water  dissolving  and  re-iuTanguig  the  soluble  materials 
wliich  it  may  find  in  the  rocks. 

Heat. — Heat  may,  in  like  manner,  modify  tlie  effects  of  pressure, 
either  by  its  mechanical  power  of  expansion  pr«xlucing  pressure  in  every 
direction,  and  subjecting  rocks  to  alternate  expansions  and  contractions 
according  to  its  own  v’ariations,  or  by  setting  in  action  chemical  forces 
of  decomposition  and  recomposition,  and  thus  altering  the  chemical  com- 
binations in  the  materials  of  rocks. 

Heat  and  Water. — Heat  may  also  be  joined  with  water,  either  rais- 
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ing  it  to  various  temperatures  or  actually  converting  it  into  steam, 
and  we  may  thus  get  changes  produced  which  neither  cold  water  nor 
dry  heat  would  he  able  or  likely  to  elFect  of  themselves.  It  has  been 
stated  that  it  Is  impossible  to  maintain  the  bulb  of  a thermometer  in 
the  boiler  of  a stt^amer  at  very  high  temperatures,  since  the  glass  is 
dissolved  by  the  chemical  action  of  water  heated  mider  pressure. — 
{Sedgwick's  Introduction  to  Synopsis  of  CUissificatmif  etc.,  3d  Fascicidus, 
p.  29,  note). 

Now,  it  may  not  imfrequently  happen  that  we  may  have  all  the 
forces  of  pressure,  heat,  and  the  dissoMng  power  of  water  combined  in 
the  interior  of  the  earth. 

The  presence  of  water  in  rocks  is  known  by  experience,  since  no 
stone  is  ever  quarried  which  will  not  part  with  some  water  on  being 
dried,  either  miturally  in  the  aii’  or  artificially.  Bischof  says,  that  he 
has  observed,  on  breaking  blocks  of  basalt,  “ wet  patches,  like  rain 
drops,  upon  the  fractures,  and  sometimes  quite  in  the  centre  of  the 
mass,  afl'ording  positive  evidence  of  the  i)ermeability  even  of  so  com- 
pact a rock  as  basalt.”  He  says  also,  that  almost  all  water  contains 
both  carbonic  acid,  and  often  a slight  proportion  of  silica  (silicic  acid) 
in  solution,  that  the  .silicates  in  which  the  silica  is  in  its  soluble  modi- 
fication are  decomposed  by  weak  acids,  and  that  those  also  in  which  it 
is  in  its  insoluble  modifications  are  unable  to  resist  the  long  continued 
action  of  acula. 

Weathering  of  Rocks. — This  gives  us  tlie  explanation  of  the  bro\>Ti 
spots  and  patches  fomid  in  many  rocks  containing  silicate  of  lime,  such 
as  basalt  and  greenstone,  and  also  their  brown  and  weathered  surfaces. 
Along  the  internal  miirgin  of  the  brown  part  of  basalt  and  greenstone 
a mineral’  acid  will  almost  always  cause  etTervescence,  as  also  along  the 
minute  cracks  and  crevices  and  pores  by  which  the  water  gains  access 
to  the  interior.  It  is  plain  that  the  silicate  of  lime  is  converted  into 
carlx)nate  in  the  first  place,  and  this  being  removed  by  subsequent 
solution  from  more  carbonic  acid,  the  protoxide  of  iron  left  behind  is 
converted  into  peroxide,  and  the  bro>vn  colour  produced. 

Limestone  containing  much  silica  or  silicate  of  alumina,  and  some 
protoxide  ot  iron  diffused  through  its  mass,  is,  in  a similar  way,  con- 
verted into  rotten  stone^  while  pure  limestone  is  wholly  dissolved  and 
washed  away. 

The  decomposition  of  those  rocks  which  do  not  contain  any  lime 
proceeds  in  the  same  way,  though  it  is  not  so  easy  to  detect  it  by  the 
occvuTence  of  effervescence  with  acids  along  the  margin  of  the  decom- 
posed part.  Feldspar  rocks  have  their  silicates  of  potasli,  soda,  etc., 
converted  first  into  carbonates  and  then  into  bi-carbonates,  w'hich  are 
dissolved  and  w’ashed  away.  Their  decomposed  portions  are  generally 
white  rather  than  brown,  from  the  absence  of  iron,  though  shades  or 
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streaks  of  red  and  brown  occasionally  occur,  shewing  its  presence  in 
small  quantities. 

Formation  of  Pseudomorphs, — In  the  examination  of  these  change^ 
the  study  of  pseudomorphic  ciystals  of  minemLs  is  of  great  imix)rtance. 
A pseudomori)h  is  one  mineral  occurring  in  the  crystalline  form  of 
another.  They  ai'e  either  “ alteration  pseudomorj)hs,”  in  which  the 
first  mineral  has  been  gradually  changed  into  the  other,  or  “ displace- 
ment pseudomorphs,”  in  which  the  first  mineral  having  been  gnulually 
removed  ptirticle  by  particle,  another  has  gmdually,  and  particle  by 
particle,  taken  its  place.  This  action  is  a veiy  important  one,  for  it  is 
precisely  that  of  “ petrifaction,”  as  it  is  called — that  l.)y  which  organic 
remains  are  mineralized,  and  their  external  form,  and  more  or  less  of 
then*  iiitemal  structure,  preserved. 

Petrifaction. — Animals  and  planks,  by  means  of  their  fluids,  take  up 
and  convert  into  their  own  subskince  certain  minemls,  such  as  silica, 
lime,  magnesia,  soda,  potash,  phosphorus,  carbon,  iron,  etc.  This  they 
tlo  in  obc*tlience  to  the  organic  forces,  those  chemico-biological  actions, 
the  assemblage  of  w’hich  W’e  call  life.  When  life  no  longer  exists,  and 
its  forces  cease  to  act,  the  substances  of  animals  and  ]>lauts  become 
obedient  to  inoi’ganic  laws,  and  their  mineral  portions  are  acted  on  just 
in  the  same  w'ay  that  other  mineral  mattera  are  affected.  Wood  may 
either,  as  we  have  already  seen,  lose  certain  j)^oportions  of  its  constitu- 
ents and  become  more  and  more  carbonized ; or  it  may  lose  the  w'hole 
of  them  particle  by  particle,  and  as  each  little  molecule  is  removed,  its 
place  may  be  taken  by  a little  molecule  of  another  substance,  as  silica, 
or  iron  pyrites,  and  it  may  thus  become  entirely  silicifed  or  pyritized. 

Bones  and  shells,  and  other  hard  parts  of  animals,  consisting 
mainly  of  phosphate  and  carbonate  of  lime,  may,  in  like  manner,  have 
the  proportions  or  the  state  of  aggregation  of  their  constituents  altered 
more  or  less  completely,  or  may  have  their  substance  gradually  but 
entirely  replaced  by  another  substance  more  or  less  ditfei'ent  from  the 
former. 

In  this  w’ay  parts  consisting  originally  of  carbonate  of  lime  may 
either  have  the  organic  cellular  structure  obliterated  by  assuming  a 
crystaUine  structure,  or  may  become  embedded  in  a ciystalline  cover- 
ing of  carbonate  of  lime,  or  that  mineral  may  be  converted  into  sul- 
phate of  lime  or  replaced  by  silica,  iron  pyrites,  or  other  substances,  the 
cellular  structure  being  in  each  case  either  presers’^ed,  or  partially  or 
entirely  obliterated. 

Method  of  Pseudomorphic  Action. — Bischof  combats  the  opinion  that 
this  pseudomorphic  and  petrifactive  process  is  ever  the  result  of  dr}* 
heat  or  of  sublimation,  and  shews,  with  what  appears  conclusive  reason- 
ing, with  regard  to  nurny  substances  at  all  events,  that  whether  it 
occur  in  the  mass  of  rocks,  or  in  veins  and  fissures,  it  must  be  the 
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result  of  \caUr  (temperature  uncertain)  containing  some  acid,  chiefly 
carbonic  acid,  in  solution  in  the  first  j)lace,  and  after^vards  hy  means  of 
that  acid  becoming  impregnated  •w  ith  tlie  solutions  of  other  minerals. 

Some  of  Bischofs  remarks  are  so  verj’  instructive  that  ■w-e  do  not 
hesitate  to  quote  several  passages  at  length.  “ Stein  converted  a 
crystal  of  gj'psum  into  airbouate  of  lime  by  leaving  it  for  several 
weeks  in  contact  •w'ith  a solution  of  carbonate  of  soda,  at  a tempera- 
ture of  122  F.”  The  sul])huric  acid  of  the  gypsum  united 'W’ith  the 
so\la  to  form  sulphate  of  soda,  which  dissolved  and  carried  away 
bv  the  w’ater,  and  the  lime  united  with  the  carbonic  (icid.  “ All  the 
striae  upon  the  cur\*ed  surfaces  of  the  crystal  were  perfectly  retained, 
as  well  as  the  cleavage  in  the  direction  of  the  T-planes.  In  these  arti- 
ficial pseudomorphic  ]>rocesses,  the  form  of  the  original  substance  Ls 
retained  only  under  certain  conditions,  the  most  essential  being  slow 
action  ; and  the  same  holds  goo<l  in  nature.  If  these  conditions  arc 
not  fulfilled,  the  original  form  is  lost” 

“ In  the  analysis  of  a mineral  in  which  changes  have  already  com- 
mencetl,  especially  by  the  addition  of  new  constituents  in  very  minute 
quantities,  it  is  not  unlikely  that  they  may  be  considered  as  accidental 
and  deflucted.  Since,  ho\vever,  alterations  seldom  take  ])lace  merely 
by  addition,  but  more  fre(piently  by  loss  of  constituents,  it  is  like^^^8e 
re(piLsite  that  the  quantities  lost  should  be  added  to  the  analytical 
results. 

“ There  are  sufficient  groun<ls  for  considering  andalusite  to  be  a 
pure  silicate  of  alumina,  although  previous  analyses  have  ])ointed  out, 
besides  these  two  essential  constituents,  potash,  lime,  magnesia,  oxides 
of  iron  and  manganese,  and  water.  Andalu.site  is  converted  into  mica, 
in  which  change  a part  of  the  alumina  is  i*emoved  ; i)otash,  imignesia, 
and  peroxide  of  iron,  being  intnxluced  into  its  jdace.  One  of  these 
bases  is  ahvays  found  in  andalusite,  sometimes  several  of  them  together  ; 
and  it  may  therefore  be  inferred  that  this  mineral,  lus  usually  met  with, 
is  already  in  a state  of  incipient  alteration.  No  other  altemtion  of 
andalusite  is  known  besiiles  that  into  mica,  exce]>t  that  into  steatiU\ 
The  latter  change  presupposes  not  only  a partial  but  a complete  dis- 
appearance of  the  alumina,  and  its  rephicement  1)V  magnesia.  Tliese 
examples  wdll  sufiice  to  shew'  the  impoilance  of  the  minute  quantities 
of  substances  present  in  minerals,  and  generally  considerad  as  accidental. 
These  substances,  which  are  troublesome  to  the  chemist,  because  he 
cannot  intnxluce  them  into  the  chemiail  fi)muila,  acquire  significance 
w'hen  compared  with  the  constituents  of  the  pseudomorjdis  resulting 
from  the  alteration  of  the  mineral  in  question.  They  then  no  longer 
appear  as  accidental,  but  indicate  the  transition  of  one  mineral  into 
othei-s,  and  lay  before  us  clearly  the  greater  part  of  the  conversion  pro- 
cess. 
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“ It  is  possible  that  several  changes  may  frequently  have  taken 
place  before  the  last  product  was  formed.  In  the  alterations  of  com- 
plex minemls,  especially  silicates  containing  several  bases,  there  are 
c^irtainly  transitions  in  most  cases,  and  sometimes  a long  series.  Tims 
Conlieiite*  is  the  starting  point  of  a whole  series  of  alterations,  finally 
ending  with  Mica  ; while  Fahlunite,  Chlorophyllite,  Bonsdorfite,  Es- 
markite,  Weissite,  Praseolite,  Gigantolite,  and  Finite,  are  remains  of 
Cordierite  in  pseudomoqdiic  conditions.  Inasmuch  as  the  minerals 
between  Cordierite  and  Mica  are  only  transition  product^,  they  amnot 
be  regaitled  as  individual  species.”  t “ As  petiifactions  are  important, 
and  in  many  cases  indispensable  aids  in  recognising  the  sedimentary 
fonnations,  so  likewise  pseudomorphs  are  important,  and  frequently 
the  only  means  of  tracing  the  processes  of  alteration  and  displacement 
which  have  taken  place  and  ai*e  still  going  on  in  the  mineral 
kingdom. 

“ Pseudomoiphs  furnish  us  with  a kind  of  knowledge  which  we 
have  no  opportunity  of  deriving  from  any  other  source.  It  will  scarcely 
ever  be  possible  to  convert  augite,  oli\dne,  or  homblemle,  etc.,  into 
serpentine  in  our  laboratories.  But  when  we  find  serpentine  in  the 
form  of  these  minerals,  this  fact  is  a sufticient  evidence  that  such  a 
conversion  can  take  place  ; and  if  in  any  given  instance  there  are 
geognostic  reasons  for  the  opinion  that  one  or  other  of  these  minerals, 
or  even  several  together,  have  furnished  the  materials  for  the  fonnatioii 
of  serpentine,  there  is  a high  degree  of  probability  that  such  a change 
ha.s  actually  hiken  place. 

“ If  a crj'stalline  mineral  can,  under  certain  conditions,  be  converted 
into  another,  whether  with  or  without  retention  of  foim,  then  the  same 
minend  in  an  amoiqdioiLs  state  would  certainly  sutler  tlie  same  change 
when  placed  in  the  same  circumstances.”  From  this  he  shews  that 
amoiphous  masses  of  serpentine  may  be  formed  from  amorphous  masses 
of  augite,  etc.,  and  also  that  in  some  instances  the  original  fonn  of  a 
crystalline  mineral  may  be  destroyed  together  with  its  substance,  and 
the  new  mineral  occur  in  its  own  crystalline  form.  He  concludes  the 
subject  thus  : — 

“ Tlie  importance  of  the  pseudomorphic  processes,  and  the  error  of 
those  who  regard  them  as  having  but  little  connection  with  the  changes 
of  rocks,  is  sufficiently  sheuui  by  the  total  di.sai)iK‘arance  of  previously 
existing  substances  in  veins.  1 consider  that  the  entire  removal  of  fluor 
and  calc  spar  from  a whole  series  of  veins,  and  the  introduction  of  lui 

* Cor«Iierite  is  a mineral  composed  of  a silicate  of  alumina,  comWned  with  two  atoms  of 
•ilicato  of  magnesia. 

t If  further  well-considcred  researches  establish  the.se  and  similar  conclusions,  it  will 
have  a won<ierful  effect  in  simplifying  the  imporUiiit  science  of  mineralogy,  and  thus  give  :i 
greater  attraction  to  a subject  which  has,  on  my  mind  at  lea-st,  always  e.verci8cd  a most  re- 
pulsive action,  from  the  want  of  a clear,  simple,  and  definite  rule  of  classification. 
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equal  quantity  of  quartz  in  their  place,  is  a matter  of  vast  importance. 
To  what  enonnous  spaces  of  time  do  we  come  when  we  reflect  upon  the 
})eriod3  during  which  the  fluor  and  calc  spar  were  introduced  into  these 
fissures,  and  then  the  periods  during  which  they  were  again  removed 
by  water,  and  quartz  substituted  in  their  j)lace  ! And  yet  this  liapjx'iied 
after  the  formation  of  the  rocks  in  wliich  these  fissimjs  occur.  If  u-e 
imagine  similar  processes  to  have  taken  place  in  the  rocks  themselves, 
and  extending  over  not  only  both  these  j)eriotls,  but  the  entire  space  of 
time  since  their  fomiation,  we  sluiU  be  compelled  to  admit  tluit  incon- 
ceivably stupendous  changes  have  taken  place.  After  such  consideni- 
tions,  the  conversion  of  extensive  masses  of  rock  by  the  action  of  water 
alone  into  steatite,  tide,  serpentine,  kaolin,  etc.,  camiot  appear  in  the 
slightest  degree  strange.” — {Bischof^  chap,  ii.) 

Metamorphosis  hy  Water  at  Ordinary  Temperature. — If  we  allow  so 
large  an  amomit  of  metamorphic  action  to  the  infiltration  of  water,  it 
becomes  no  longer  dilticult  to  luidei-stand  the  conversion  of  limestone 
into  dolomite,  siibse(piently  to  the  de}x>sition  of  the  original  carbonate 
of  lime.  Such  cases  aa  those  described  by  Von  Buch,  and  more  recently 
by  Mr.  Andrew  Wyley,  in  the  Journal  of  the  Geological  Society  of 
Dublin  (vol.  vi.,  part  2),  in  his  paper  on  the  dolomitic  rocks  of  Kil- 
kenny, where  dolomite  is  found  travei*sing  ordinary  limestones  in  dyke- 
like masses  running  thi*ough  a great  number  of  beds  in  a straight  line 
across  the  country,  become  explicable  on  the  supposition  of  springs  of 
water  containing  much  carbonic  acid  and  magnesia  rising  up  through 
fissures,  and  the  consequent  solution  of  some  of  the  carbonate  of  Hme, 
and  its  removal  in  a dissolved  form,  and  its  replacement  by  carbonate 
of  magnesia  (see  sheets  147  and  157  of  Map  of  Geol.  Sur.  of  Ireland, 
and  their  Explanation). 

Metamorphosis  by  Ilot  Water  or  Steam. — If,  again,  such  great 
changes  as  those  just  alluded  to  may  be  expecte<l  to  residt  from  the 
smq)le  action  of  water,  we  may  reasonably  conclude  still  greater  to  be 
the  consequence  of  the  action  of  water  combined  udth  a high  tempera- 
ture, or  of  a still  more  intense  heat,  which  first  convei’ts  into  steam  the 
water  contained  in  rocks,  and  effects  great  changes  perhaps,  or,  at  all 
events,  prepares  the  way  for  great  changes  by  that  agent,  and  then 
})roceeds  to  act  ujx)n  the  minerals  conhiined  in  rocks  with  its  own 
l)owei*8.  We  have  already  seen  that  some  sandstones  and  gritstones 
may  have  probably  been  cemented  by  silica  held  in  solution,  either  in 
the  water  in  which  they  were  deposited,  or  in  that  which  subsequently 
gained  access  to  them.  We  know  that  hot  water  can  contain  at  least  a 
tenth  more  silica  in  solution  than  cold  water.  If,  thereforo,  a sandstone 
became  penetrated  by  hot  w’ater,  or  still  more  by  steam,  n jaution  of 
the  silica  of  w'hich  each  grain  was  composed  might  be  dissolved,  and  as 
the  water  ultimately  evaporatcnl,  tins  silica  would  be  re-deposited,  and 
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act  as  a siliceous  ceineut  to  the  mivss.  We  should  thus  have  a (quartz 
rock  or  quartzite  produced. 

Metamorphosis  by  Dn/  Heat. — It  would  apj)ear,  however,  that  cbv 
heat  alone  is  able,  under  favourable  condition.s,  to  produce  tliis  effect, 
since  the  .sandstones  that  have  been  used  as  the  bottoms  of  iron  furnaces 
are,  in  some  cases,  altci-ed  into  a kind  of  cpiartz  rock.  It  is  true  that 
biises,  calculate<l  to  act  as  a flux  to  the  quartz,  may  have  gained  acces.s 
to  tlie  sandstone  in  the  latter  instance,  but  then  they  may,  on  tlie  other 
hand,  have  been  pre.sent  in  suflicient  quantity  for  that  purpose  in  many 
.sandstones  that  have  been  naturally  altered  into  quartz  rock. 

Metamorphosis  by  Heat^  ichether  icith  or  icit/iout  Water. — Biscliof 
and  some  other  continental  writers  seem  still  to  be  imbued  with  what 
I mu.st  look  upon  as  an  old-fashioned  prejudice  again.st  the  notion  of 
any  metainorphic  rocks  having  been  produced  by  the  action  of  lieat. 
Tills  retention  of  prejudice  seems  to  me  to  arise  j>artly  from  their  want 
of  an  adequate  conception  of  the  vast  action  of  denudation,  and  ]>ailly 
from  an  erroneous  detennination  of  "what  are  and  what  are  not  true 
granitic  rocks, 

AVheii  we  see  whole  mountain  ranges,  and  whole  districts  of  country, 
consisting  of  rocks  that  have  more  or  less  analogy  in  structure  and  con- 
stitution with  rocks  kno\Mi  to  be  of  igneous  origin,  we  cannot  lielp 
feeling  convinced  that  igneous  action  must  in  some  way  have  been  con- 
cerned in  their  production. 

When  we  find  that  these  rocks  have  almost  every  gradation,  frtuu 
such  as  we  might  imagine  to  have  been  once  molten,  into  rocks  which 
we  know  to  have  been  mechanically  deposited  under  water,  we  lire  com- 
jielled  to  conclude,  ^Nuth  Lyell,  that  these  rocks  are  altered  or  meta- 
morjihosed  by  heat,  from  their  origimil  aqueous  and  mechanical  forma- 
tion, into  a state  more  or  less  nem'ly  approaching  that  of  true  igneous 
rocks. 

Our  belief  in  the  truth  of  this  metamoridusur  becomes  certainty 
when  we  see  these  rocks  always  occurring  on  the  flanks  of  mas.se.s  of 
granite,  and  examine  a district  (such  as  Wicklow  and  Wexford)  where 
both  large  and  small  masses  of  granite  appear,  and  find  these  metamor- 
phic  rocks  not  only  always  accompanying  the  gi-anite,  but  occurring  no 
ichere  else  except  in  the  neighbourhood  of  granite,  and  their  extent 
alwa3*s  proportioned  to  the  size  and  extent  of  the  particular  granite 
mass  they  mantle  round. 

It  is  by  no  means  intended  to  assert  that  the  neighbourhood  of 
granite  or  igneous  rock  is  the  onlj'  source  of  heat  from  which  this 
metamorphosis  cim  arise,  since  this  is  exactly  one  of  the  misconceptions 
alluded  to  above.  Should  any  ma.ss  of  rock,  ca]>able  of  alteration,  be 
so  deeply  buried  in  the  earth  as  to  be  brought  ^\*ithin  the  reach  of  an\' 
centre  of  heat  whatever,  the  same  effect  would  result ; and  it  is  most 
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likely  that  a far  greater  intensity  and  wider  range  of  heat  may  be  thus 
reached  than  could  proceed  from  the  mere  intrusion  of  a more  or  less 
isolated  mass  of  igneous  matter  into  sj)aces  which  w'ere  naturally  of  a 
lower  teinjxjrature.  But  as  an  intrusive  mass  of  granite  must  be  a 
pource  of  great  heat,  and  as  the  metamorphic  effects  in  ([uestion  are 
foimd  always  to  accompany  it,  it  Ls  a fair  inference  that  heat  is  one  of 
the  necessfiry  causes  of  the  etlect 

The  })resence  or  absence  of  water,  either  pre\iously  to  the  occurrence 
of  a high  temperature,  or  simultaneously  with  it,  may  doubtless  be  one 
of  the  modifying  causes,  producing  some  of  the  great  varieties  among 
a nia'^s  of  metamorjdiic  rocks  ; those  varieties  also  depending  very 
largely  on  the  different  materials,  or  the  different  proportions  in  the 
Rjime  materials,  which  existetl  in  the  different  beds  previously  to  the 
metamorjdiic  action  taking  jdace. 

While  si>eaking  of  a high  temperature,  I by  no  means  wish  to  limit 
its  range  in  either  direction.  Mr.  Sterry  Hunt,  in  the  Reports  of  the 
Geological  Survey  of  Canada  for  the  years  1853-6,  argues,  that  from  the 
occurreuce  of  grajdiite  or  unoxidized  carbon  in  the  metamorj)hic  schists 
of  Cana<la,  the  heat  could  never  have  l>een  very  intense,  or  at  all 
approached  the  melting  ])oint  of  the  silicates.  He  shew's  that  water  at 
212°  F.,  containing  solutions  of  alkaline  carbonates,  w’ould  be  sufficient 
for  the  solution  even  of  silica,  and  the  decomposition  of  silicates  and  the 
fonnation  of  garnet,  epidote,  and  chlorite,  and  other  silicates  of  lime, 
magnesia,  and  iron,  and  that  if  the  temi>erature  be  raised  to  480°  it 
might  suffice  for  the  production  of  chijistolite,  staurolite,  etc.,  and 
feldspathic  and  miciiceous  silicates  generally.  Such  temiK'ratures  may 
readily  be  supposed  to  be  imparted  to  j)ortion8  of  the  earth’s  crust, 
either  locally,  by  the  intrusion  of  granite,  as  in  the  south-east  of  Ire- 
land, or  over  wider  areas,  when  any  part  of  what  may  now  be  the 
surfjicc  was  as  deep  as  from  1 0,000  to  20,000  feet  lx;low'  the  sui-face. 

Frequent  appearance  of  Mica. — The  very  genenil  appearance  of  mica, 
cither  in  distinct  flakes  or  crystals,  or  as  a mere  ghize  ui)on  the  surfaces 
of  lamina!,*  may  |x?rhaps  be  explained  by  the  very  various  comjKjsition 
of  the  <lifferent  varieties  of  mica,  and  the  consefpient  number  of  sources 
and  combinations  from  which  micaceous  minerals  could  be  derived. 

The  metamoqdiic  development  of  mica,  then,  offe.i-s  no  difficulties  ; 
and  w'e  may  j^erhaps  suppose  that  in  mica  schist,  wdiere  thei'e  are  some- 
times alternate  layers  of  mica  and  ejuartz,  this  develojnnent  took  place 
in  such  a way  that  the  basic  substances  segn*gated  themselves  into 
alternate  lavers,  leaving  the  silica  of  the  intennediate  lavers  free. 

In  gneiss,  where  we  have  the  triple  alteniation  of  (piartz,  feldspar, 
and  mica,  a similar  action  similarly  directed  must  be  supi)Osed  to  have 

• Sec  posted,  iimler  the  head  of  PetroUig)’,  remarks  on  the  production  of  mica  schist  and 
anciss  on  Uie  ilauks  of  the  granite  of  Wicklow,  etc. 
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occurred  under  the  modifying  influence  of  a difference  in  the  composi- 
tion of  the  original  rock. 

We  shall  have  occasion,  under  the  head  of  petrology,  to  recur  to  this 
subject  in  describing  the  “ cleavage”  and  “ folhition”  of  the  metamor- 
pliic  rocks.  “ Cleavage”  is,  indeed,  a purely  i)etrological  stnicture,  what- 
ever may  have  been  its  origin,  since  it  rarely,  and  only  to  a slight  extent, 
produces  any  lithological  change  in  a rock  beyond  that  of  siiuide  indu- 
ration. A highly  indurated  shah  has  no  lithological  difference  from  u 
true  clay  slate,  it  being  often  im]>ossible,  from  an  insi^ection  of  a mere 
hand  specimen,  to  say  whether  it  be  one  or  the  other. 


Description  op  the  Met^uiorphic  Rocks. 

The  metaniorphic  rocks  may  be  divided  into  two  sub-groups,  those 
in  which  the  original  mineral  structure  is  still  recognisable — the  par- 
ticles, however  they  may  have  altered  their  fonii  and  state,  not  having 
entered  into  new  combinations — and  those  where  such  new  combinations 
have  been  prothiced. 

The  former  sub-group  will  accordingly  consist  of  arenaceous, 
argillaceous,  and  calcareous  rocks,  while  the  members  of  the  latter  have 
a general  similarity  of  structure  and  composition  which  enables  us  to 
speak  of  them  under  one  general  term,  such  as  the  schistose  rocks. 


Metamorphosed  Arenaceous  Rocks. 

60.  Quartz  Rock  or  Quartzite*  is  a compact,  fine-grained,  but  dis- 
tinctly gmnular  rock,  very  hard,  frequently  brittle,  and  often  so  divided 
by  joints  as  to  split  in  all  directioii-s  into  small  angular  but  more  or  less 
cuboidal  fragments.  Its  colours  are  generally  some  shade  of  yellow, 
passing  occasionally  into  red,  and  at  other  times  into  green.  When 
examined  with  a lens  it  may  be  seen  to  be  made  of  grains,  whicli  appear 
sometimes  as  if  they  had  been  slightly  fused  together  at  their  edges  or 
.surfaces,  and  sometimes  as  if  embedded  in  a purely  siliceous  cx;meut. 
Tliis  cementation  or  semi-fusion  of  the  grains  shews  at  once  that  it  is  a 

• Tho  student  must  carefully  distinguish  between  quartz  nvck  or  quartzite,  as  here 
descHbed,  aJid  pure  rein  quartz,  which  occurs  sometimes,  ns  a white  compact  flint  rock,  in 
considerable  mass.  The  “ quartz  rock,”  so  often  spoken  of  in  Australia,  is  rarely,  if  over 
true  <iuartz  rrjck,  but  comnjonly  vein-quartz ; not  an  altered  bed  of  sandstone  contemixjrancous 
with  the  rooks  in  which  it  lies,  but  a deposition  in  a vein  or  fissure  pixKluced  subsequently 
to  the  consolidation  of  the  rocks  it  traverses. 

The  Conliuentnl  geologists  seem  fn;qucntly  to  fall  Into  the  .same  misUike,  and  confound 
two  tilings  essentially  distinct.  In  a collection  of  European  rocks  purc.ha.sed  lately  from 
Krantz  of  Bonn,  among  seven  spceiiuens  of  so-called  quartzite,  at  least  five  were  undoubtedly 
vein  quartz  end  not  quartzite. 
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sandstone  which  has  been  altered  and  indurated  by  the  action  either  of 
heat  alone  or  of  heat  and  water.  It  has  either  been  haked  or  sitam- 
hoiled. 


META340RPH0SED  ARGILLACEOUS  ROCKS. 

61.  Hornstone. — Clay  or  shale  has  been  in  some  cases,  as  in  that  of 
the  Lias  of  Portnish,  converted  by  contact  ^vith  a large  mass  of  Green- 
stone, into  a smooth,  hard,  brittle,  splintery  rock,  that  might  be  called 
Hornstone.  The  fossils  in  the  Honistone  of  Portnish  are  still  perfectly 
preserved,  tliough  the  rock  is  so  hard  and  unlike  clay  as  to  have  been 
originally  described  as  basalt,  and  adduced  by  the  Wemerians  as  a proof 
of  the  aqueous  deposition  of  basalt. 

62.  Clat/  Slate  is  a fme-grained  fissile  rock,  differing  fnuii  shale  in 
being  invariably  highly  indurated,  and  splitting  into  plates  that  are 
altogether  independent  of  the  original  lamination  or  betiding  of  tjie 
rock,  sometimes  coinciding  with  it,  but  frequently  crossing  it  at  all 
angles.  This  fissile  stnicture  or  “ cleavage  ” is  a superinduced  meta- 
morphic  one.  The  original  bedding  or  lamination  of  the  rock  may  fre- 
quently be  traced,  even  in  hand  specimens,  by  means  of  i)amllel  lines  or 
bands  of  diflerent  colour  and  texture  traversing  the  slate.  These  bands 
are  called  by  Professor  Sedgivick  the  “ stripe  ” of  the  slate. 

Clay  slate  is  generally  of  a dull  blue,  gray,  green,  or  black  colour, 
sometimes  “ striped,”  sometimes  irregularly  mottled. 


Metamorphosed  Calcareous  Rocks. 

63.  Altered  Limestom. — This  wa.s  formerly  called  Primitive^  and  is 
even  at  the  present  day  often  called  Primary  Limestone.  Since,  how- 
ever, it  is  knoun  that  many  crystalline  limestones  are  not  Piimaiy*, 
that  the  statuary  marbles  of  Italy  and  Greece,  for  instance,  are  some  of 
them  Secondary,  and  some  even  Tertiary  limestones  in  a metamoqihosed 
state,  it  would  seem  better  to  disuse  the  term  jmmary  as  a mere  litho- 
logical designation. 

Some  liine.stones  were  originally  formed  as  ciystalline  limestones, 
just  a.s  many  parts  of  a coml  reef  and  some  sUlactites  are  ciy'stalline 
internally.  Others,  however,  have  certainly  been  only  made  to  assiune 
the  crystalline  structure  at  a period  sub.se(iuent  to  their  fonnation.  In 
the  well-known  experiments  of  Sir  James  Hall,  it  was  shewn  that  even 
chalk  could  be  converted  into  a hard  crj'stalline  marble,  by  being  heated 
under  such  a pressure  as  should  prevent  the  escai)c  of  the  carbonic 
acid  gtis. 

Saccharine  or  statuary  maible  is  a white  fine-grainetl  rock  resem- 
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bling  loaf-sugar  in  colour  and  texture,  working  freely  in  any  direction, 
not  liable  to  Fjdinter,  slightly  translucent,  and  capable  of  taking  a 
polish.  Concealed  flakes  of  mica  or  cldorite  sometimes  exist  in  it,  as 
may  be  seen  on  examining  the  weathered  surfaces  of  some  of  the 
ancient  statuary  in  the  British  Museum  and  elsewhere. 

Other  varieties  of  altered  limestone  are  variously  coloured,  and 
more  larg(dy  and  coarsely  cr}'8talline. 

64,  Dolomite. — Many  of  the  masses  of  dolomite  which  occur  in 
limestone  formations,  are  certainly  altered  rocks,  tlie  original  texture  of 
the  mass  being  often  changed  as  well  as  it.s  chemical  composition. 

These  meUtmor|)hic  dolomites  are  generally  perlectly  crj’stalline, 
either  in  large  or  small  granules,  and  have  often  a porous  texture,  so 
that  the  crystalline  granules  can  be  seen  to  touch  each  other  at  only  a 
few  points.  This  causes  them  to  be  easily  disintegrated,  and  fall  into 
a kind  of  sand  consisting  of  grains  of  Bitter  spar.  It  is  often  more 
largely  cellular,  having  drusy  cavities  lined,  and  sometimes  filled,  with 
large  ciystals  of  Bitter  spar.  The  colours  are  generally  yellowish-white, 
yellow,  or  brouTi,  sometimes  reddish. 

There  is,  however,  no  gootl  lithological  distinction  between  dolomite 
which  is  the  result  of  a metamorpliic  action  upon  ordinary  limestone, 
and  dolomite  such  as  that  of  the  magnesian  limestone  formation  of  the 
north-east  of  England,  which  it  seems  impossible  to  sui)pose  was  other- 
wise formed  than  as  an  original  deposition  of  magnesian  limestone. 

65.  Serpentine. — There  are  some  rocks  called  Serpentine  inter- 
stratified  with  highly  metamorjjhosed  rocks  (like  the  serj)entine  marble 
of  Ballynahinch,  Galway),  that  I have  long  smspected  may  be  merely 
the  extreme  metamoq>hic  form  of  a siliceous  magnesian  limestone,  the 
carbonates  being  converted  into  silicates. 

Sir  W.  Logan,  director  of  the  geological  sun'ey  of  Canada,  assured 
me  that  he  had  in  that  country  traced  serpentines  which  gradually 
j)as.sed  into  beds  of  unaltered  magnesian  limestone.  Mr.  Sterry 
Hunt  describes  the  association  of  serpentines,  or  ophiolites  and  ophi- 
calcite,  in  the  Reix>rt  of  the  Geological  Sun’^ey  of  Canada  for  1853 
and  1856. 

Serpentine,  how'ever,  may  doubtless  be  sometimes  the  result  of  the 
metamorphi.sm  of  augitic  or  honiblendic  rocks,  or  of  the  ashes  of  those 
rocks,  their  decomposition  and  degradation  if  they  were  traps,  but 
their  consolidation,  and  perhaps  alteration  by  heat,  if  they  were  fine- 
grained or  compact  ash. 

The  Schistose  Metamorphic  Rocks. 

Tlie  term  “ schist  ” is  used  here  in  a restricted  sense,  as  ajtplicable 
to  the  fissile  structure  of  “ foliated  ” rocks. 
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“ Foliation”  is  a term  applied  by  Mr.  Danviii*  to  those  rocks  which 
have  had  such  a subsequent  structure  given  to  them  as  to  split  into  plates 
of  different  mineral  matter,  either  with  the  bedding  or  across  it.  “ Cleav- 
age ” indefinitely  splits  a rock,  either  with  the  beds  or  across  them, 
without  altering  its  mineral  character,  and  thus  pnxluces  “ slate.” 

“ Lammation  ” w'ill  then  be  the  remaining  term  applicable  to 
“ shale,”  and  signifying  the  splitting  of  a rock  into  the  origuial  layers 
of  deposition. 

When,  therefore,  we  wish  to  be  precise,  we  can  speak  of  the/b?wr- 
tion  of  sc/rist,  the  cUamge  of  date^  and  the  lamination  of  shale.  ■ 

CG.  Mica  Schist  consists  of  alternate  layers  of  mica  and  quartz,  the 
mica  generally  formed  of  a number  of  small  flakes  finnly  compacted 
together,  and  the  quartz  more  or  less  nearly  resembling  vein  quartz. 
Many  mica  schists,  however,  contain  comparatively  little  quartz,  and 
seem  sciircely  to  differ  from  clay  slate  or  shale,  e.xcept  in  the  shining 
surfaces  of  their  plates  or  folia,  which  look  as  if  all  the  p.articles  of 
which  they  were  onginally  composed  liad  been  blended  together  so  os 
to  be  no  longer  separable. 

Mica  schist  has  often  a minutely  coiTugated  or  crumpled  .structure, 
the  layers  being  bent  into  sharp  Vandykes  of  one,  two,  or  more  inches 
in  height  and  width. 

The  sejxiration  into  layers,  or  “ foliation  ” of  mica  schist,  sometimes 
coincide.s  Avith  the  original  bedding  of  the  mass,  and  sometimes  is 
inde])endent  of  it.  In  the  latter  case,  it  may  in  some  cases  have  taken 
the  direction  of  a previously  existing  “cleavage.” — (Prof.  Eamsay, 
Crfolof/ical  Journal^  vol.  ix.  p.  172.) 

Many  soft  highly  micaceous  siind.stones  rc([uire  only  a little  indura- 
tion and  blending  of  their  parlicle.s  to  foini  “ mica  schist”  In  parts  of 
the  New  Red  .sandstone  of  central  England,  the  rock  is  so  higlily  mica- 
ceous as  to  sj)lit  into  thin  flsigs  of  a quarter  of  an  inch  in  thickne.ss  and 
a foot  in  diameter  ; and  these  can  be  split  by  the  nail  into  still  finer 
flakes.  Tlie  application  of  great  or  of  long-continued  heat  would  easily 
CiUise  the  peroxide  of  ii-oii  and  the  alumina  present  to  fonu  mica,  in 
addition  to  that  already  cxi.sting,  and  the  two  might,  perhaps,  coalesce 
into  layers,  leaving  the  partially  or  entirely  fused  <piartz  grains  of  the 
.sandstone  in  intennediate  layers  of  «[uartz. 

In.stead  of  mica,  other  minerals  are  .sometimes  found,  such  as  chlorite 
or  talc,  when  the  rock  would  be  CiiUeil  chloritic  schist^  or  talcose  schist. 

liornhlcralc  Schist^  again,  occurs,  though  I believe,  in  this  case,  the 
whole  m;iss  con.si.sts  of  flakes  of  that  mineral  without  anv  alteniati*)n 

* n>c  torm  “ foliateil,"  however,  aa  iii)])licil  to  aohistoao  roch.'*,  such  ns  mj«i  schist,  n«<l 
(lt.stinguislic(l  from  “ chyiveU  ” as  npjtlieil  to  slnte,  was  tirst  su^iKCstcd  hy  Profes-sor  Sedgwick 
in  ins  iini>eroii  tiio  “ Structure  of  large  mineral  masses." — (Geologioiil  TrannKlioM,  voL  iii., 
pp.  479  and  480.) 
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of  quartzose  layers.  The  same  remark  holds  good  with  respect  to  the 
rarer  rock  called  actimlite  schist.  As  far,  indeed,  as  my  owm  ol>servation 
goes,  I should  doubt  the  existence  of  these  rocks  in  any  other  form 
than  as  the  result  of  a partial  metamorjjhosis  of  some  hornblendic 
“ ash,”  or  of  some  other  mechanically  formed  rock,  derived  from  the 
wear  and  tear  of  a greenstone  or  a syenite. 

67.  Qndss  is  probably  of  all  others  the  most  completely  metamor- 
phosed rock  that  retains  any  mark  of  its  original  mechanical  structure. 

Some  gneiss  can  only  be  distinguished  from  granite  by  the  regular 
arrangement  of  its  component  crystalline  particles  in  a certain  parallel- 
ism, so  as  to-  give  it  a slightly  schistose  structure,  or  “ grain,”  as  it  is 
called  by  Professor  Sedg^vick.  Other  varieties  of  gneiss,  again,  can 
only  be  separated  from  mica  schist  by  the  occasional  occurrence  of  little 
plates  of  feldspar  in  addition  to  the  layers  of  mica  and  quartz.  In 
hand  specimens,  indeed,  it  is  often  ver}"^  difficult  to  draw  any  sharp  line 
of  separation  between  mica  schist  and  gneiss,  the  more  fissile  specimens 
being  called  mica  schist,  while  the  firmer  ones  would  be  called  gneiss. 
Even  in  the  field  they  are  often  so  blendal  together,  and  alternate  wdth 
each  other  so  frequently,  that  their  separation  is  impossible.  Tliera  is 
therefore  almost  every  gi'adation  from  duU  clay  slate  through  glossy  and 
so  called  talcose  slate  into  mica  schist  and  gneiss,  and  thence  into  actual 
granite. 

Gneiss  might,  indeed,  in  its  purest  and  most  typical  form,  be 
termed  schistose  granite,  consisting,  like  granite,  of  feldspar,  mica,  and 
quartz,  but  having  those  minerals  arranged  in  layers  or  plates,  rather 
than  in  a confused  aggregation  of  crystals.  In  speaking  of  it  as  schis- 
tose granite,  how'eve’r,  we  must  never  forget  that  true  gneiss  was  never 
really  a granite,  wdth  a peculiar  laminated  structure,  but  that  it  was 
originally  a laminated  mechanically  fomied  rock,  a sandstone  more  or 
less  argillaceous,  containing,  indeed,  the  elements  of  quartz,  feldspar, 
and  mica,  but  not  exhibiting  any  more  appearance  of  those  minerals  at  its 
first  deposition  than  is  exhibited  by  any  of  the  ordinary  unaltered 
sandstones  wdth  w’hich  w’e  are  familiar. 

It  w'ould  be  difficult,  without  going  into  a tediously  minute  detail, 
to  attempt  to  give  a more  precise  lithological  description  of  gneiss,  since 
some  specimens  are  precisely  like  a crystalline  kind  of  sandstone  ; others 
may  be  called  “ gneiss  ” or  “ mica  schist  ” indifferently,  w'hQe  others 
could  not  be  described  in  terms  that  would  not  equally  apply  to  granite. 

There  are  parts  of  the  granite  of  the  south-east  of  Ireland  where  it 
passes  into  a rock  that  might  be  called  gneiss  from  the  parallel  arrange- 
ment of  its  mica  flakes,  but  this  is  merely  in  a few  isolated  spots  for  a 
distance  of  a few  feet,  just  as  in  other  spots  the  mica  becomes  plumose 
wdth  the  plates  arranged  into  half  radiating  bunches,  like  Prince  of 
Wales’  feathers. 
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Some  of  the  metamorphic  rocks  of  the  Alps,  on  the  other  hand, 
which  are,  I believe,  in  reality  gneiss,  nevertheless  resemble  granite  so 
comj)letely,  that  no  one  looking  at  a hand  specimen,  or  even  a single 
block,  however  large,  would  venture  to  pronounce  it  other  than  a 
genuine  granitic  rock,  fonnetl  of  a confusedly  crystalline  aggregate  of 
feldspar,  (piaitz,  and  a dark  green  mineral  which  is  either  a dull  earthy 
mica,  or  bikes  the  place  of  mica.  I believe  some  of  this  granitic- 
looking  rock,  if  not  all  of  it,  to  be  the  so-called  Protogine.  If  it  were 
tnie  gi'anite  it  would,  as  Professor  Haughton  has  remarked,  be  difficult 
to  believe  the  thiixl  mineral  to  be  talc,  ?>.,  a pure  silicate  of  magnesia. 
But,  whatever  be  the  exact  nature  of  the  tliird  mineral,  I do  not 
believe  the  rock  to  be  a granite,  but  merely  a granitoid  gneiss.* 
Lithologically,  it  is  doubtless  not  to  be  distinguished  from  granite,  but 
its  jietrological  relations  prove  it  to  be  gneiss,  in  consequence  of  its 
bedded  character  and  its  regular  inter-stratification  with  every  variety 
of  mica  schist  luid  gneiss,  and  that  often  in  beds  not  more  than  a few 
feet  in  thickness.  There  seemed  to  be  a regular  alternation  between 
the  most  granitic  and  the  most  earthy  schistose  bed,  the  extreme 
varieties  sometimes  lying  in  direct  apposition  against  each  other,  some- 
times separated  by  intermediate  gradations.  The  granitic  beds,  too, 
were  cerbiinly  not  intruded  veins,  but  ran  evenly  between  the  other 
rocks,  and  were  evidently  contemporaneous  with  them. 

In  the  pass  of  the  Tetc  Noire,  between  Martigny  and  Chamoimix, 
the  traveller  may  see,  just  opi>osite  the  door  of  the  Tete  Noire  Hotel, 
even  a conglomerate  converted  into  a metamorphic  rock.  Tliis  is  a 
confused  aggregate  of  mica  flakes,  enclosing  and  surrounding  pebbles  of 
white  quartz,  which  vaiy  in  size  from  that  of  a nut  to  that  of  a man’s 
head.  The  mica  was  not  deposited  in  woni  spangles  as  a mere 
micaceous  sandstone  or  clay  enclosing  quartz  pebbles  ; or  if  it  was  so 
fonned,  those  worn  micaceous  spangles  have  been  made  to  blend 
together  again,  and  fonii  a rough  mica  schist,  enveloping  the  pebbles  in 
continuous  ilakes  like  any  other  mica  schist. 

It  seemed  to  me  from  my  nipid  glance  at  the  Alps,  that  a great  set 
of  bed.s  which  were  originally  fonned  as  ordinary  mechanically  de- 
po.«ited  rocks,  argiUaceous  and  arenaceous,  alternating  with  each  other 
in  great  variety,  and  contfiining,  some  more  refractory',  some  more 
ea.sily  reducilde  substances,  had  been  all  acted  on  together,  while  deep 
in  the  eiirth,  l)y  the  metamoi-jdiic  agency  of  heat  (together  with  water 
and  whatever  other  solvents  might  be  necessary  to  set  the  chemical 
agents  at  work),  and  that  the  whole  had  been  acconlingly  changed 
together  and  brought  into  their  jiresent  crystalline,  serai- ciystalliue,  or 
schistose  state,  and  eventually  tilled  up  into  a vertical  position,  thrust 

* I am  alluding  now  to  the  rock  as  seen  in  the  llasli  valley  about  the  Houdck  watetfoU, 
••md  about  tlie  Qriuscl  Ilospicc. 
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up  towimls  the  surface,  and  cxj)08ecl  at  it  by  the  removal  of  the  super- 
incumbent mass. 

1 shall  have  occasion  to  allude  to  this  subject  again,  when  speaking 
of  the  surface  fonus  of  different  kinds  of  rock. 

WTiile  statmg  my  belief  that  all  gneiss  was  once  sandstone,  I by  no 
means  intend  to  assert  that  all  sandstones  could  be  converted  into 
gneiss,  for  it  is  obvious  that  jmrely  siliceous  sandstones  could  not,  but 
jHirely  siliceous  sandstones  are  much  more  rare  than  is  often  supposed. 
The  great  mass  of  sandstones  and  of  clays  do  contain  the  elements  of 
feldsi»ar  and  mica  as  well  as  quartz — that  is  to  say,  they  contain 
alumina,  iron,  potash,  soda,  magnesia,  etc.,  as  well  as  silica. 

Vassaje  of  Metamorpliic  into  Igneous  Rocks. — We  must  also  never 
forget  that  the  extreme  term  of  metamorpliism  by  heat  is  actiud  fusion 
and  reduction  into  the  state  of  an  igneous  rock,  and  that  it  is  possible 
therefore  that  some  igneous  rocks,  nay,  even  some  true  granites,  may 
be  metamorjjhosed  rocks,  arpieous  rocks  that  have  been  completely 
melted  dowui  and  absorbed  into  the  igneous  interior  of  the  globe.* 

If  we  look  upon  all  ac^ueous  rocks  as  in  some  shape  or  other  deriva- 
tive rocks — and  this  is  a conclusion  from  which  we  cannot  escape — we 
must  regard  them  as  either  mediately  or  immediately  deiivetl  from 
igneous  rocks.  "With  regard  to  the  mechanically  fonned  aqueous  rocks 
this  is  obviously  tnie,  because  if  we  tmce  to  their  original  source  the 
silica  and  alumina,  the  (piartz,  the  feldspar,  and  the  mica  of  which 
they  are  made  up,  we  must  eventually  arrive  at  some  igneous,  mo.st 
probably  some  granitic,  rock  as  their  parent. 

But  even  as  regards  the  lime  and  the  soda,  and  magnesia  of  all  the 
chemically  and  organically  formed  aqueous  rocks  (setting  a.side  the  car- 
bonace(jus  rocks),  we  are  compelled  to  suppose  that  the  water  first  de- 
rived those  iiiiiieraLs  from  the  decomposition  of  such  igneous  rocks  as 
contained  them.  The  carbonates  of  lime  and  magnesia,  and  the  sul- 
phates of  lime,  must  have  acquired  their  bases  primarily  from  the  de- 
composition of  the  silicates  of  lime  and  magnesia,  which  aie  to  be  found 
in  the  igneous  rocks  ; carbon  being  the  only  element  which  does  not 
.seem  primarily  derivable  from  them.  Speaking  generally,  then,  it  need 
not  surj)rise  us  to  find  materials  that  had  once  been  fused  reduced 
again  to  tliat  condition.  It  is  true,  that  the  matters  that  acted  as  a 
flux  to  the  silica  and  alumina  of  the  igneous  rocks  may  have  been 
woshetl  out  and  removed  more  or  less  completely  from  the  debris  of 
those  rocks  which  fonn  our  sandstones  and  ckys  ; but  purely  siliceous 
sandstones  or  pure  clays  are  comparatively  rare  and  in  small  {quantity, 
and  if  the  rocks  around  them  and  enclosing  them  were  remelted,  they 

• From  some  recent  observations,  especially  tho.se  of  Professor  Haughton  and  Mr.  Scott 
on  the  rocks  of  Donegal,  it  would  appear  that  much  more  granite  has  this  metamorphic 
origin  than  has  hitherto  been  supposed. 
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would  Boon  become  mingled  with  the  other  rocks  which  retain  their 
basic  constituents,  or  consist  more  or  less  entirely  of  basic  materials,  and 
thus  might  again  enter  into  the  constituents  of  the  igneous  rocks. 

There  can,  therefore,  be  nothing  either  unphilosophical  or  impro- 
bable in  regarding,  Anth  Sir  C.  Lyell,  the  whole  crust  of  our  globe  as 
consisting  of  materials  pa.ssing  through  an  endless  cycle  of  mutations, 
existing  at  one  time  as  igneous  rocks,  then  gradually  decomposed, 
broken  up,  separated  out,  sorted,  and  deposited  as  aqueous  rocks, 
whether  chemical,  mechanical,  or  organic,  at  a subsequent  period 
metamorjdiosed,  and  ultimately  re-absorbe<l  into  the  igneous  rocks. 

In  this  view,  the  most  highly  metamorphosed  rocks  would  be  those 
most  nearly  hovering  upon  the  brink  of  re-absorj>tiou,*  and  gneiss 
accordingly  on  the  point  of  passing  into  granite,  and  in  some  cases 
almost  un  distinguishable  from  it. 

Metamorjihism  of  Igneous  Rocks. — Neither  is  metamorphism  con- 
fined to  the  aqueous  rocks,  but  is  probably  equally  active  among  the 
igneous  rocks  themselves,  although  there,  the  processes  are  more  con- 
cealed from  us.  Many  rocks  Avhich  are  now  undistinguishable  from 
true  igneous  rocks,  may  have  been  formed  by  a comparatively  slight 
metamorphism  of  “ashes,”  or  other  mechanical  accumulations  of 
materials  derived  directly  from  igneous  rock,  and  subsequently  brought 
within  the  influence  of  heat.  It  is  probable  that  many  auiygdaloids 
may  be  altered  tuffs,  and  possible  perhaps  that  some  clhikstones,  Avhether 
volcanic  or  trappean,  may  have  a like  origin.  Some  felstones,  again, 
may  be  but  baked  and  slightly  altered  feldspatliic  ash. 

Some  real  and  originally  formed  igneous  rocks  may  in  like  manner 
undergo  metamoridioses,  more  or  less  complex.  Some  felstone  or 
greenstone  porj)hyries,  for  instance,  may  have  acquired  their  porphyritic 
structure  by  long-continued  and  comparatively  gentle  heat,  acting  on 
previously  compact  trap  rocks.  The  same  comparatively  slight  action 
of  heat  may  have  caused  many  once  compact  or  porjdijTitic  igneous 
rocks  to  have  become  completely  crystalline,  and  possibly  may  in  some 
cases  have  generated  new  combinations,  and  protluced  mineral  forms 
that  did  not  exist  in  the  original  rock.  Trappean  rocks  may  thus  have 
become  granitic.  Tliese  possibilities  should  be  borne  in  mind  -when 
w'e  are  endeavouring  to  explain  phenomena  that  otherwise  are  often 
difficult  to  understaiuL 

Tabular  Classif  cation  of  Rocks. — It  Avill  perhaps  be  useful  if  we 
give  here  the  foregoing  classification  of  rocks  in  a tabular  form. 

* Such  speculations  as  those  in  the  text  may  be  useless  enough  ns  far  as  any  practical 
result  to  be  derived  from  them,  and  may  by  many  persons  be  thought  uncalled  for.  The 
old  ideas,  however,  of  tl>e  original  independent  origin  of  mica  schist  and  gneiss  still  linger 
In  some  men’s  minds,  and  are  even,  as  I am  informed,  coming  more  and  more  into  favour 
with  some  continental  geologists. 
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VOLCAXIC. 


Essentially  Feldsyatluc. 

Trachyte 

% 

Trachytic  Porphyry. 
Pearlstone. 

Domite. 

Andesite. 

Clinkstone. 

Obsidian. 

Pumice. 

Tuff. 


I 

U V 
^ CJ 

s I 


II 

>>  a> 

<4^ 

J I 

^ I 


Feldspar  and  Augite 
Dolerite. 

Anamesite. 

Basalt 

Nepheline  Dolerite. 
Leucite  Rock. 
Amygdaloid. 


Peperino. 


Trappean. 


SUiceo-feldspathic. 
Felstone. 
Pitchstone. 
Clinkstone. 
Feldspar . Porphyry. 


> 


Feldspathic  Ash. 


Pi 


« 

'V 

a 


3 


<y 

sS 

' sj 

O 

C 


Feldspar  and  Hornblende y etc. 
Greenstone  or  Diorite. 
Euphotide  or  Gabbro. 
Hyperite, 

MelaphjTe. 

Diaba.se. 

Aphanite. 

Lherzolite. 

Variolite. 

Kcrsantite. 

Eclogite. 

Distheue  Rock. 


Greenstone  Ash. 
Wacke  or  Claystone. 


GRiVNItic  or  Super-silicated  Rocks. 


Quartzo-feldspathic. 

Pegmatite. 

Elvanite. 

Eurite. 


Quartzo-feldspathic  with  Uom- 
hlendcy  or  MicOy  etc. 
Syenite. 

Gmnite. 
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Arenaceous 


Argillaceous 


Calcareous  . 

Siliceous 
Gypseous  . 
Saline 


AQUEOUS  ROCKS. 


Mechanically  Formed. 


• S 


Gnivel  or  Rubble. 

Conglomerate  or  Pucldingstone,  and  Brecciiu 
Sand. 

Sandstone  and  Gritstone,  and  their  varieties. 
Clay  and  Mud. 

Clunch. 

Loam. 

Marl. 


Shale  or  Slatv  CHav. 


CHEincALLY  Formed. 

/ Stiilactite  and  Stalagmite,  Travertine,  etc. 
( Some  Dolomites  ? 

Siliceous  Sinter. 

G}*])siuu. 

Rock  Salt. 


Organically  Derived. 


Calcareous, 

mostly  from  animals 

Siliceous, 

probably  from  animals 

Carbonaceous, 

mostly  from  plants  . 


( Limestone  and  its  varieties,  compact,  crys- 
talline, chalky,  oolitic,  pisolitic,  some 
[ magnesian,  etc. 

► Flint  and  Cliert. 


< 


Peat. 

Lignite. 

Coal. 

Antliracite. 

Graphite. 


AERIAL  OR  EOLLVN  ROCKS. 

Blown  Sand  on  coasts. 

Sand-hills  of  deserts.  ' 

Calcareous  Sands  compacted  by  rain,  etc. 
Debris  at  foot  of  clifls. 

Volciinic  Ashes,  etc.,  falling  on  land. 

Soil. 
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Those  in  which  the  Original  Structure  is  still  Apparent. 


Arenaceous 

Argillaceous 


Calcareous 


Quartzite  or  Quartz-rock. 

Honistoue,  C’lay  Slate. 

iPrimaiT,  Crystalline,  or  Saccharine  Lime- 
stone, or  Statuary  Marble. 

Some  Dolomites. 

Seiijeiitinous  Limestone,  Verde  Antifiue,  etc. 


Those  in  which  the  Original  Structure  is  more  or  less  completely 

Obscured  or  Obliterated. 


Schistose  Rocks 


Mica  Schist. 

Chlorite  do.  ? 

Talc  do.  ? 
Hornblende  do.,  etc.  ? 
Gneiss, 
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GEOGNOSY. 


SECTION  IL— PETROLOGY. 

CHAPTER  IX. 

FORMATION  OF  ROCK-BEDS. 

The  term  Petrology  is  here  used  rather  arbitrarily  to  signify  the  study 
of  rock  masses  ; that  is  to  say,  the  examination  of  those  characters, 
structures,  and  accidents  of  rocks  which  can  only  be  studied  on  the 
large  scale,  and  only  be  observed  in  “ the  field.”  It  will  include  the 
modes  of  stratification,  of  separation  by  divisional  planes,  of  fracture  and 
disturbauce,  of  denudation  and  its  results,  the  methods  of  occurrence 
and  form  of  igneous  rocks,  and  their  relation  to  aqueous  rocks,  the  origin 
and  growth  of  moimtain  chains,  and  the  formation  of  mineral  veins. 

Lamination  and  Stratifcation. — The  lamination  and  stratification 
of  the  aqueous  rocks  is  the  very  foundation  of  geology,  that  on  which 
all  the  more  important  deductions  of  the  science  are  based.  It  is  there- 
fore necessary  to  describe  these  stnictiues  in  some  detail. 

The  stratification  of  rocks  is  their  division  into  separate  strata  or 
beds. 

The  lamination  of  a rock  is  the  separation  of  its  stratum  or  bed  into 
its  component  lamince  or  layers. 

Strata  vary  in  thickness  finm  a few  inches  to  several  feet. 

Laminas  rarely  exceed  an  inch  in  thickness,  and  vary  from  that 
down  to  the  thickness  of  the  fine.st  paper. 

The  very  fine  laminae  (plates  or  layers)  of  which  some  beds  of  shale 
are  made  up,  have  been  already  mentioned.  Each  of  these  little  layers 
of  earthy  matter  is  obviously  the  result  of  a separate  act  of  deposition  ; 
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the  whole  bed  of  shale  being  formed  by  the  gradual  settlement  of  fine 
sediment,  film  after  film,  upon  the  bottom  of  some  tranquil  or  very 
slowly  moving  water.  We  may  suppose  this  sediment  to  have  been 
carried  into  the  water  by  successive  tides  bringing  matter  from  some 
neighbouring  shore,  by  frequent  or  periodical  floods  of  some  river,  by 
the  gradual  action  of  some  current,  or  by  any  other  agent  which  could 
transport  fresh  inateriaLs,  at  different  intervals,  into  the  water.  Wliat- 
ever  may  have  been  the  exact  nature  of  the  action,  it  was  clearly  a 
gnidual,  and  not  a sudden  one  ; and  some  considerable  time  must,  under 
any  circumstances,  be  allowed  for  the  dejMjsition  of  a bed  even  one  foot 
thick,  when  we  find  it,  as  we  often  do,  male  up  of  distinct  lamina},  fifty 
or  a hundred  of  which  may  be  counted  in  each  inch  of  its  tliickness. 
This  time  is  that  recpiired  for  tlie  mere  act  of  settlement  in  the  water, 
without  calculating  that  which  Is  requisite  for  its  transport  from  some 
distant  loctdity. 

Still,  although  some  time  was  requii'ed,  and  although  the  acts  of 
dejMsition  were  distinct,  yet  they  were  not  so  widely  separated  in  time 
as  to  allow  of  any  great  consolidation  of  one  hiyer  before  the  next  was 
deposited  uix)n  it  Tlie  whole  set  of  lamina}  succeeded  each  other  so  as 
to  cohere  together,  and  foim  one  bed,  which  may  be  quarried  and  lifted 
in  single  blocks. 

In  some  shales,  certainly,  the  coherence  between  the  lamina)  is 
but  slight ; they  may  be  pulled  asunder  by  the  hand  ; but  in  others 
it  is  more  complete,  and  in  some  quite  firm  ; .and  in  some  fine-grained 
laminated  grits  and  sandstones,  it  re(iuires  almost  as  much  force  to  split 
them  along  the  lines  of  lamination  {loith  the.  grainy  to  use  a common 
term)  as  it  does  to  break  them  across.  In  such  instances,  it  is  pi*obable 
that  the  succession  in  the  acts  of  deposition  was  a moi’C  rapid  one,  than 
w’hen  the  lamina)  se]»arate  more  easily.  The  mere  degree  of  coherence, 
however,  of  the  lamina)  of  a stratum  is  by  no  means  so  sure  a test  of 
the  shortness  of  the  inter\’^als  between  their  deposition  as  their  dis- 
tiiKitness  is  of  its  length,  since  all  the  subsequent  actions  of  pressure  and 
cementation  tend  to  force  them  to  cohere,  while  there  is  no  action  w'hich 
can  }K)S8ibly  tend  to  separate  them,  unless  that  of  weathering  close  to 
the  surface. 

The  planes  of  stratification  differ  from  those  of  lamination,  in  as 
much  as  they  mark  a total  want  of  coalescence  betw'een  two  contiguous 
lavers  of  rock. 

It  would  be  impossible  to  get  a block  consisting  of  parts  of  two  beds, 
since  the  parts  would  fall  asunder  and  make  two  blocks. 

It  is  true  that  in  some  cases  i>art8  of  two  beds  may  partially  adhere 
together  if  carefully  removed,  but  this  is  obviously  the  adhesion  of  two 
things,  and  not  their  coalescence  into  one.  It  is  also  true,  that  in  some 
rocks  the  lamination,  and  in  some  even  the  stratification  is  more  or  less 
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obscure.  In  such  cases,  the  indistinctness  may  be  done  sometimes  to 
the  comparative  rapidity  and  continuousness  of  tlie  act  of  deposition, 
but  in  others  it  Is  due  to  the  subsequent  obliteration  of  structures  once 
possessed. 

Such  cases  are  quite  the  excejition  to  the  rule,  and  do  not  at  all 
invalidate  it. 

If  the  coherence  of  the  lamina)  of  a bed  is  the  result  of  the  com- 
parative shortness  of  the  intervals  between  their  deposition,  it  follows 
that  the  want  of  coherence  between  one  bed  and  another  is  the  result 
of  the  length  of  the. interval  between  the  deposition  of  the  beds.  Each 
bed  had  time  to  become  consolidated,  to  a greater  or  less  extent,  before' 
the  next  was  deposited  upon  it,  so  that  tlie  latter  could  not  at  all 
coalesce  with  the  former.  Tlie  planes  of  stratification,  then,  luark  an 
. interruption  in  the  act  of  deposition,  a pause  during  wliich  nothing  was 
deposited  ; the  duration  of  that  jiause  being  very  considerably  longer 
than  that  of  the  intervals  between  the  successive  lamina). 

In  using  the  term  “ plane,”  we,  of  course,  must  not  take  it  in  its 
strict  mathematical  sense,  since  the  surfaces  both  of  laminje  and  beds 
are  often  uneven.  In  speaking  of  the  planes  of  lamination,  moreover, 
we  must  often  understand  merely  tlie  direction  in  which  the  lamina)  are 
arranged,  whether  they  be  separable  from  each  other  or  not. 

When  we  examine  a cliff  or  a face  of  rock  which  cuts  across  the 
planes  of  lamination  or  stratification,  we  speak  of  them  as  Hues. 

If  we  are  at  a loss  to  estimate  the  length  of  the  interval  between 
the  deposition  of  the  successive  lamina)  of  a bed,  still  less  have  we  the 
means  of  calculating  the  time  which  elajised  between  the  formation 
of  one  bed  and  that  which  rests  directly  upon  it.  When  two  or  more 
successive  beds  are  of  precisely  similar  diameter,  as  two  beds  of  the 
same  kind  of  shale  or  sandstone,  we  should  naturally  suppose  that  the 
inter\'al  between  bed  and  bed  was  not  indefinitely  greater  than  that 
between  lamina  an«l  lamina.  If  we  assigned  days  to  the  one,  we  might 
allow  weeks  to  the  other,  if  we  gave  months  to  the  one,  yeats  might  be 
given  to  the  other,  and  so  on.  ‘ Still  we  should  have  no  certain  grounds 
to  go  on,  and  the  interval  between  bed  and  bed  might  be  centuries  or 
thou.sands  of  years  for  anything  we  could,  in  the  majority  of  instances, 
shew  to  the  contmry.  When,  moreover,  the  two  beds  were  of  totally 
different  chometers,  as,  for  instance,  where  a bed  of  sandstone  or  lime- 
stone rested  on  a bed  of  shale,  or  vice  versa^  we  should  feel  called  uixm 
to  allow  a laiger  interv'al  between  their  deposition  than  where  the  beds 
were  similar.  Some  time  must  be  required  for  a change  to  take  i>lace 
in  the  conditions  of  the  neighbourhood.  In  the  case  of  a bed  of  sand- 
stone destitute  of  all  aigiUaceous  matter  resting  on  a bed  of  shale,  we 
should  be  obliged  to  suppose  some  alteration  in  the  strength  or  direction 
of  the  currents,  so  that  all  the  finer  matter  wits  swept  away,  and  only 
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the  coarser  or  heavier  deposited.  In  the  case  of  a shale  resting  on  a 
sandstone  we  should  suppose  that  the  current  had  diminished  in  velo- 
city compared  with  tliat  formerly  acting.  In  either  case  the  current 
might  have  come  from  a new  quarter  where  only  the  particular  kind  of 
material  was  to  be  got. 

The  same  current  of  water  charged  with  a mixture  of  gravel,  sand, 
and  mud,  and  ha\'ing  strength  enough  to  carry  it  all  on  together,  will, 
as  its  strength  lessens,  sort  and  separate  the  mateiials  from  each 
other,  depositing  them  in  the  order  of  their  coarseness,  the  pebbles  and 
coarse  sand  first,  next  the  finer  sand,  and  lastly,  the  mud.*  Three 
different  kinds  of  rock,  then,  might  under  certain  circimistances  be  de- 
posited at  the  same  time  by  the  same  current  in  different  placea  But 
in  order  that  either  sand  or  gravel  may  be  thrown  down  at  a subse- 
quent period  on  the  top  of  the  mud,  a fresh  current  either  of  greater 
velocity  or  from  a nearer  source  will  be  re<iuired,  while  an  interv’al  will 
be  necessary  for  the  mud  to  consolidate  so  far  as  not  to  be  removed  by  the 
new  current,  and  not  to  allow  the  fresh  pebbles  or  sand  to  sink  into  it. 

In  the  case  of  a limestone  occurring  either  on  shale  or  sandstone  we 
are  still  more  forcibly  led  to  the  supposition  of  a great  change  of  con- 
ditions. If  the  limestone  be  a pure  carbonate  of  lime  ■without  much  or 
any  admixture  of  mechanical  detritus,  it  is  obvious  either  that  all  cur- 
rents had  ceased  in  the  water  which  had  previously  deposited  the  sand- 
stone or  the  shale,  or  else  that  they  were  no  longer  able  to  get  any 
earthy  matter  and  transport  it  to  that  place.  If,  indeed,  as  seems 
necessary  in  the  case  of  aU  marine  limestones,  we  assign  an  organic 
origin  to  this  rock,  we  are  compelled  to  allow  a period  prior  to  its  pro- 
duction sufficient  for  the  animals  from  which  it  was  derived  to  grow 
and  to  secrete  ttieir  solid  materials  from  the  adjacent  water. 

It  is  possible,  indeed,  in  some  cases,  by  the  aid  of  the  remains  of 
animals  and  plants  found  fossil  in  the  rocks,  to  arrive  at  something  like 
a rough  approximation  to  the  time  which  has  elapsed  between  the  for- 
mation of  successive  beds,  so  far  as  to  say  whether  it  was  long  or  short 
There  are  cases,  for  instance,  in  which  we  find  on  tlie  surface  of  a bed  of 
limestone  the  roots  or  attachments  of  a particular  class  of  marine  ani- 
mals, called  encrinites,  which  when  alive  were  fixe<l  to  the  rock  by  a 
solid  calcareous  base.  These  attachments  belong  to  animals  of  all  ages, 
and  are  in  great  numbers  ; and  in  a bed  of  clay  which  rests  imme- 
diately on  the  limestone,  there  arc  found  a multitude  of  the  remains  of 
the  upper  portions  of  these  animals,  likewise  of  all  sizes  and  ages,  see 
fig.  10.  Now  it  is  plain  that  in  this  case,  after  the  limestone  was 
fonned,  there  was  an  interval  during  which  the  sea  was  quite  clear  and 
free  from  sediment,  aud  therefore  well  adapted  for  the  growth  of  these 

• Just  as  was  pre\iou8ly  shewn  for  mud  of  different  degrees  of  coarseness  In  Mr.  Bab- 
bage’s observations,  see  p.  110. 
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animals.  We  do  not  know  how  long  it  remained  so  before  any  of  them 
began  to  live  there,  but  after  a time  they  settled  on  the  limestone  at 


Fig.  io.» 

Beds  of  oolitic  lime.stone  covered  Living  encrinites  attached  to 
by  brown  clay  containing  frag-  sea  bottom, 
nients  of  encrinites. 


the  bottom  of  the  sea,  and  grew  and  flourished  there  for  a sufficient 
period  to  allow  of  successive  generations  arriving  at  maturity  undis- 
turbed, before  the  time  when  a quantity  of  mud,  haring  been  carried 
into  the  water,  was  deposited  upon  them,  and  killed  them,  and  at  the 
same  time  buried  their  remains.  Some  of  these  remains,  even  the 
insides  of  the  joints,  are  coated  over  with  the  calcareous  cases  of  serpu- 
1®  (a  kind  of  sca-worm),  shewing  that  they  had  been  unburied  in  the 
bottom  of  the  sea  for  some  years,  while  their  descendants  were  growing 
about  them.  Here,  then,  avg  have  an  interval  of  many  years,  if  not 
of  centuries,  between  the  formation  of  two  beds  which  rest  directly  one 
upon  the  other. — {L^elVs  Manuul,  ch.  xx.) 

Many  instances  similar  to  this  occur  to  the  geologist  when  pursuing 
liis  investigations,  although  not  often  admitting  of  such  clear  illustration 
and  description. 

On  the  other  hand,  we  have  instances  of  fossil  trees  passing  through 
several  beds  of  sandstone,  in  such  a way  as  to  shew  that  the  whole 
number  of  beds  were  accumulated  after  the  tree  had  sunk,  and  before 
it  had  time  to  rot  entirely  away.  These  trees  e\ddently  became  water- 
logged, and  sunk  to  the  bottom,  where  they^’ested  in  an  inclined  posi- 
tion, anchored  by  their  roots,  while  successive  deposits  of  sand  were 
accumulated  aroimd  them.  But  a tree  thus  wholly  buried  in  water  will 
last  many  years  before  it  is  entirely  decomposed,  so  that  it  might  very 
well  have  become  enclosed  in  several  beds  of  sandstone,  especially  when 
we  recollect  that  it  forma  an  obstacle  to  the  currents  flowing  by  it,  and 
thus  tends  to  check  their  force,  and  cau.se  the  deposition  of  sand  around 
it  more  rapidly  than  w'ould  othenvise  take  place.  In  Emmous’s  Ameri- 
can geology,  a ca.se  is  mentioned  of  the  stumps  of  pines  still  standing 
erect  on  the  bottom  of  the  sounds  or  shallow  inland  seas  along  the 


* Copied  from  Lyell’s  Mamial 
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coast  of  North  Carolina,  although  the  period  of  the  submergence  of  the 
land  on  which  they  grew  is  quite  miknowTi.  Still,  whatever  number 
of  years  we  assign  to  the  iiccumulation  of  the  whole  mass  of  sandstone, 
we  should  be  inclined  in  tliis  case  to  suppose  the  deposition  of  the  sand 
to  have  been  comparatively  rapid,  and  the  intervals  betw'een  the  depo- 
sition of  the  beds  comparatively  short. 

It  is  possible  in  some  cases,  even  without  the  aid  of  organic  remains, 
to  discover  that  the  interval  between  two  adjacent  beds  was  a long  one. 
For  instance,  we  not  unfrequently  find  that  two  beds,  which  in  one 

place  are  contiguous,  b 

do  in  another  place  let 
in  one,  two,  or  more 
separate  beds  between 
them,  as  in  Fig.  11, 
which  is  taken  from  a 
sketch  made  in  a quany 
at  Donnybi-ook,  near 
Dublin,  by  Mr.  Du 
Noyer.  It  is  obvious,  that  if  we  observ-ed  the  beds  a,  e,  at  the  spot  marked 
A,  we  should  only  suppose  an  ordinary  interval  to  have  elapsed  between 
the  times  of  their  deposition  ; while  on  tracing  the  beds  to  B,  we  are  com- 
pelled to  enhwgc  that  sjmee  of  time  sufficiently  to  allow  for  tlie  formation 
of  the  beds  b,  c,  and  d,  and  the  rntermh  between  them.  It  appears,  then, 
that  while  we  are  able  to  assign  a sort  of  rough  limit  to  the  time  re- 
quired for  the  deposition  of  one  bed,  composed  of  a number  of  laminae, 
we  are  rarely  able  to  assign  any  approximate  limit  to  the  time  required 
for  the  formation  of  a number  of  beds.  Not  only  have  we  to  multiply 
the  first  period  by  the  number  of  the  beds,  but  to  allow  for  an  equal 
luunber  of  intercalated  intera^als,  of  altogether  uncertain  duration,  to 
represent  the  pauses  that  occurred  between  the  formation  of  each  two 
contiguous  beds. 


These  intercalated  intervals  would  be  most  i)robably  greater  than 
the  periods  of  deposition,  because  we  cannot  imagine  any  circumstances 
that  can  keep  up  a continuous  or  rapid  deposition  of  earthy  matter, 
whether  chemiail  or  mechanical,  for  a long  period  of  time,  in  any  one 
particular  locality.  All  we  know,  or  can  conceive,  of  the  accumulation 
of  earthy  matters  in  the  setis  or  lakes  of  the  present  day,  shews  the 
action  to  be  partial  and  occasional,  a bed  of  sand  being  formed  here,  a 
patch  of  mud  deposited  there,  a bank  of  pebbles  accumulated  in  one 
place,  a bcnl  of  oysters  or  other  shells  growing  in  another,  so  that  the 
bottom  of  the  sea  becomes  gradually  covered  by  several  unconnected 
patches  of  deposition  of  different  kinds,  lying  side  by  side.  All  our 
experience  shews  that  for  any  great  thickness  or  vertical  succession  of 
beds  like  these  to  be  formc*d,  in  other  words,  for  the  depth  of  water  to 
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be  materially  diminishetl  (except  in  narrow  bays  and  inlets),  a great 
length  of  timciis  required. 

The  soundings  in  sludlow  and  weU-frequented  sea.s,  such  as  those 
around  tlie  British  Islands,  certainly  do  not  alter  very  rapidly,  although 
they  doubtless  do  change  in  the  course  of  years  or  centuries.  In  the 
chails  originally  used  in  navigation,  the  cliaracter  of  the  bottom  is 
mai'ked  in  <lilferent  places  as  “ mud,”  “ sand,”  “ sand  and  shells,”  “ smtdJ 
stones,”  and  so  on,  and  the.se  characters  remain  sufficiently  con.stant  fix>m 
year  to  year,  to  be  used  in  combination  with  the  depth  of  water  as  a 
guide  to  the  seiiman,  and  enable  him  to  determine  the  situation  of  his 
vessel  Tliese  charts  remain  trustwortliy  guides  certainly  for  many 
years.  This  shews  us  that  the  deposition  of  these  materuils  is  not  going 
on  so  rapidly  in  oiu*  o^\'n  seas,  as  to  materially  alter  either  the  depth  or 
the  nature  of  the  bottom,  in  any  short  space  of  time  ; jjerhaps  not  for 
many  centuries. 

In  a vertical  series  of  beds  of  rock,  then,  we  may  feel  sure  that  each 
bed  will  be  to  that  below  it  like  SaLius  to  Nisus  in  the  foot  race,  “ pro.vi- 
mus  hide,  longo  .sed  proximus  intervallo  ;”  and  a third  will  follow 
“ spatio  post  deinde  relicto.”  Whether  we  take  the  w'hole  earth  generally, 
or  any  particular  sea  or  ocean,  and  limit  ourselves  to  the  consideration 
of  iuiy  given  period  of  time,  we  must  look  upon  the  deposition  of  mineral 
matter  as  the  exception,  not  the  rule.  Of  many  hundred  thousand  square 
miles  of  sea,  only  one  jierhaps  is  receiving  at  any  one  time,  the  accession 
of  any  mineml  matter  on  to  its  bed.  Tlie  next  successive  deposition  may 
be  very  long  deferred,  and  may  occur  either  in  an  adjacent  or  in  a widely 
scpaiated  locality ; and  a vast  number  of  these  partial  and  deUiched  acts 
of  fonnation  will  be  required  before  the  whole  of  any  j»articidar  area  can 
be  covered  with  one  or  more  beds  of  rock.  In  reasoning  on  the  methods 
of  production  that  have  been  concerned  in  the  formation  of  our  great 
series  of  stmtified  rocks,  which  are  nothing  else  than  so  many  old  “ sea- 
bottoms,”  we  are  comiKilled  to  suppo.^se  a gradual,  partial,  and  interrupted 
action  to  have  operate<l  in  their  accimiulation,  like  that  which  is  pro- 
ducing simihir  betls  in  the  seas  and  lakes  of  our  own  time. 

Wlien  we  rise  from  the  coirsideration  of  a series  of  single  beds  to 
that  of  a succession  of  groups  of  beds,  we  find  instances,  on  a still 
larger  scale,  of  inten*als  having  taken  place  in  the  deposition  of  strata, 
which  at  fij'st  sight  appear  perfectly  continuous.  Mr.  Prestwich,  in  his 
paper  on  the  Correlation  of  tlie  Eocene  Tertiaries  of  England,  France, 
and  Belgium”  {Journal  of  the  Geological  Society  of  London^  vol.  xi.,  p.  21 1), 
shews  that  on  examining  the  rocks  called  Tertiar}",  which  lie  above  the 
chalk  in  Fmnce,  they  apjiear  to  have  a regular  continuous  sequence  of 
beds  of  sand,  and  clay,  and  limestone,  in  which  there  is  no  sign  of  any 
interval  ha^dng  happened,  while  in  reality  a group  of  the  English  ter- 
tiaries, known  as  the  London  clay,  having  a thickness  of  nearly  600 
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feet  near  London,  was  deposited  in  an  interv'ol  between  the  formation 
of  two  of  the  French  beds.  • 

Mr.  Pi*est\nch  says,  speaking  of  the  series  as  it  exists  in  France, 
“ Lithologiail  structure  and  superj)osition  seem  to  indicate  a complete 
and  perfect  series.  ...  It  would  nevertheless  seem  that  there  is 
a very  important  interval  between  the  ‘ Lignites  of  the  Soissounais  ’ and 
the  ‘ Lits  Cof[uilliei*3,’  and  that  at  so  short  a distance  os  from  Kent  to 
the  Dej)artment  of  the  Oise,  there  is  introduced,  wedge-sliaped,  between 
the.se  two  deix)sits,  the  large  mass  of  the  London  clay,  with  its  multi- 
tude of  original  organic  remains.  Yet  there  is  not  only  no  evidence 
either  of  the  great  lapse  of  time,  or  of  the  important  physical  changes 
which  such  a formation  indicates,  but  there  is  even  no  cause  for  sus- 
picion of  such  a fact  in  the  aj)parently  complete  and  continuous  series 
of  the  ‘ Siibles  Inferieurs’  of  the  north  of  France.”  We  cannot  conceive 
the  London  clay  to  have  required  less  than  some  thou.sands  of  years  for 
its  formation,  and  it  may  more  probably  have  been  many  tens  of  thou- 
sands, during  w’hich  interval  no  corresponding  deposition  was  taking 
place  over  the  area  now  fonning  part  of  the  north  of  France,  though 
deposition  did  take  jdace  both  before  and  after  this  period,  e([ually  in 
the  seas  wliich  covered  wdiat  is  now  France,  and  w’hat  is  now  England. 

Stdl  larger  groups  of  beds  even  than  tluit  have  occa.sionally  to 
be  intercalated  into  a series.  The  “ Carlx)niferou8  slate  formation,” 
for  instance,  of  the  south-west  of  Ireland,  sw-ells  out  to  a maximum 
thickness  of  not  less  than  5000  feet  in.  one  direction,  while  in 
another,  not  more  than  20  miles  distant,  it  dmndles  dow'n  to  50  or 
100  feet,  and  maintiiins  that  diminished  thickness  prtdty  constantly 
over  a very  large  area,  not  the  least  trace  being  discernible  within  that 
area  of  the  absence  of  so  vast  a series  of  beds,  as  may  be  seen  in  the 
adjacent  one. 

These  facts  have  not  hitherto  been  sufficiently  insisted  upon,  since 
they  have  a most  imj)ortont  bearing  on  the  theoretical  conclusions  of 
geologists. 

If  we  look  upon  the  laminjE  of  a stratum,  as  so  many  leaves  of  a 
book,  or  as  so  many  marks  on  a billy,  proving  that  they  were  formed 
in  succession  one  after  another,  and  then  consider  the  strata  place<l  one 
above  another  as  .so  many  volumes,  or  so  many  tallies,  used  and  stored 
up  in  succes.sion,  w'e  are  quite  justified  in  taking  them  as  positive  evi- 
dence for  the  lapse  of  time.  Each  act  of  formation  required  a certain, 
time  for  its  performance,  and  the  total  munber  of  the  acts  prove  the 
lapse  of  a certain  total  period  of  time. 

It  is  very  natural  to  look  to  this  positive  eridence  onl}q  and  to 
forget  that  w'e  have  no  means  of  verifying  the  piiging  of  the  leaves  or 
the  numbering  of  the  volumes,  or  of  detennining  w'hat  w'ere  the  inten’’als 
between  the  marks  on  the  tallies,  whether  they  were  made  regularly 
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and  consecutively,  on  any  one  tally,  or  whether  in  any  j>articular  place 
w'e  have  the  i)erfect  series  of  tallies. 

Such  considerations  as  these  just  now  hiid  before  the  reader,  will 
make  him  cautious  in  taking  for  granted  a continuity  in  the  series, 
which  can  never  be  proved.  It  is  quite  impossible  in  any  quarry  to 
say  of  one  bed  that  rests  directly  on  another,  that  it  was  not  only  the 
next  fonned  bed  at  that  particular  place,  but  that  no  other  bed,  or 
even  no  other  set  of  beds,  was  formed  anywhere  else  in  the  inten^al 
between  them.  If  he  place  his  finger  on  the  jilane  of  stratification 
between  two  beds,  that  little  space  may  mark  the  lapse  of  years,  cen- 
turies, or  millenniums. 

Extent  and  tei'mination  of  Beds. — Tlie  fact  of  the  presence  of  a 
set  of  beds  in  one  locality,  and  their  absence  in  another,  whether  that 
set  be  one  of  the  large  groups  which  we  call  “ fonnations,”  or  merely 
two  or  tliree  beds  ending  in  a quarry,  as  in  fig.  1 1 , leads  us  to  another 
conclusion  respecting  beds  of  stratified  rock,  namely,  tliat  although 
sometimes  very  wdely  spread,  they  are  not  of  indefinite  extent,  but 
must  end  somew'here.  Tliis  eiiduig  is  generally  a gradual  one,  the  betl 
becoming  thinner  and  thinner,  till  at  last  it  disapixuu-s.  Sometimes, 
however,  though  rarely,  the  termination  is  more  abrupt 

Wliether  we  reason  from  experience,  or  from  the  nature  of  the  case, 
we  should  never  be  led  to  believe  that  the  deposition  of  sediment  in 
water,  whether  it  be  a chemical  or  a mechanical  one,  could,  except  in 
very  rare  instances,  be  co-extensive  with  the  whole  w’ater.  With  respect 
to  the  sea,  we  cannot  conceive  any  natural  causes  w'hich  could  produce 
such  an  universal  and  simultaneous  deposition.  The  wonder  i>erliap3 
is,  that  single  beds  sometimes  extend  over  such  very  w'ide  areas  as  we 
really  find  them  to  occupy. 

The  extent  of  single  beds  is  most  certainly  ascertained  in  coal  min- 
» ing,  in  w^hich  the  horizontal  (or  lateral)  extension  of  ImkIs  is  followed. 
Particular  beds  of  coal,  or  of  shale,  or  other  rock,  haring  recognizable 
characters,  are  sometimes  knoNvn  to  spread  tliroughout  a whole  district. 
For  instance,  in  South  Stafibrdshire  a bed  of  smooth  black  shale,  a little 
below’  the  Thick  or  Ten-yard  coal,  is  known  as  the  “ Table  batt.”  It  has 
a thickness  from  two  to  four  feet,  and  extends  over  all  the  greater  portion 
of  the  South  Staffordshire  coal  field — places  where  it  is  known  being 
ten  or  twelve  miles  apart  from  each  other  in  different  directions.  Its 
original  extension  was  probably  much  greater  since  the  beds  now  dis- 
appear in  one  direction  by  “ cropping  out,”  and  are  buried  in  others  at 
too  great  a depth  to  be  foUow’cd.  Know’n  beds  of  coal,  with  a i>articu- 
lar  designation,  such  as  “ Heathen  coal,”  extend  over  still  wider  areas, 
and  similar  facts  occur  abimdantly  in  most  coal  fields.* 

* Mr.  Hull  in  his  little  work  lately  published  on  the  “Coal  Fields  of  Great  Britain,”  says, 
“ that  one  bed  of  coal  called  In  part  of  the  Lanarkshire  coal-flcld  the  ‘ Arley  mine,’  but 
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Neither  is  the  grc<at  extension  of  single  beds  confined  to  those  con- 
taining coal,  but  is  found  wherever  there  are  beds  of  a sufficiently  re- 
markable character  to  be  noticed  and  recognized.  A little  be<l  called 
the  Bone  bed,  from  its  containing  ])eculiar  fragments  of  fossil  bones, 
wliich  lies  just  at  the  top  of  the  New  Red  sandstone  of  the  south  of 
England,  is  found  both  at  Axmouth  in  Devonsliire,  and  at  WestV)urv 
and  Aust  in  Gloucestei-shire — places  fully  sixty  miles  apart — the  bed 
itself  never  being  more  than  two  or  tliree  feet  thick,  and  fre(piently 
only  as  many  inches.'  It  is  even  stated  by  Mr.  Strickland,  that  he  has 
identified  this  same  bed  in  the  form  of  a white  micaceous  sandstone  up 
to  Defl’ord  in  Worcestei-shire,  104  miles  from  Axmouth,  and  at  Golden 
Cliff  and  St.  Hilary  in  Glamorgansliire. — {Proceedings  of  the  Geological 
Societg  of  London,  vol.  iii.,  pp.  585  and  732).  Similarly,  a Bone  bed 
at  the  junction  of  the  Ludlow  rock  and  Old  Red  sandstone,  never  more 
than  a foot  thick,  and  frequently  only  one  or  two  inches,  has  been 
traced  at  inten'als  over  a space  of  forty-five  miles  from  Pyrtoii  PassiXge 
to  the  banks  of  the  Tenie  near  Ludlow. 

I have  myself  obseiTcd  in  the  south  of  Ireland  a little  bed  of  j>ccu- 
liar  quartzose  conglomerate  about  a foot  thick  in  the  middle  of  the  Lower 
limestone  shale  at  Anbnore  and  in  Ballycottou  bay,  places  full  16  miles 
apart,  and  even  found  a precisely  similar  bed  in  the  same  black  .shales 
at  Kil worth  near  Fcrmoy,  which  is  25  miles  to  the  nortli-we.st  of  Ard- 
moi-e.  The  triangular  area  defined  by  those  three  places  would  l>o  one 
of  200  square  miles. 

'Wdiether  these  beds  be  absolutely  continuous  or  not  over  all  the 
intei'vening  spaces,  these  fiicts  are  sufficient  to  preve  the  uniformit}*  of 
conditions  over  very  large  areas,  so  that  wherever  deposition  took  place, 
it  was  of  precisely  the  .simie  character.  In  the  case  of  the  bone  beds 
mentioned  above,  the  conditions  under  wliich  they  were  dejiositod  seem 
to  have  been  so  ver}'  peculiar  that  they  may  perhaps  be  looked  upon  , 
as  exceptions  rather  than  as  cxam])les  of  a rule.  It  is  useful,  however, 
sometimes  to  know  what  is  possible  as  well  as  what  commonly  occurs ; 
neither,  jirobably,  would  they  be  foimd  to  be  very  uncommon,  if  it 
were  more  often  po.ssible  to  trace  a single  bed  over  the  whole  area 
which  it  occupies. 

When  from  n .single  thin  bed  we  come  to  the  examination  of  a 
groiq)  of  a few  bed.s,  the  insUmces  of  mineral  identity  over  very  wide 
area.s  lu'come  still  more  frequent.  Tliis  is  e.specially  observable  when 
the  group  of  beds  is  of  a character  quite  differemt  from  Uie  lai’ger  mass 
of  rocks  in  which  they  lie ; provided  that  difference  iiomts  to  a .state 
of  greater  tramjuillity  or  quietness  of  action  during  the  time  of  deposi- 
tion, as  would  a bed  of  clay  occurring  in  a group  of  sandstone  beds,  or 

known  l»y  otber  names  in  other  parts,  8i>reads  over  the  greater  jMut  of  the  coal-field  which 
has  .m  aic-a  of  li)‘2  s«piare  miles.” 


EXTENT  AND  TERMINATION  OF  BEDS. 


187 


a l>ed  of  limestone  or  coal  occurring  in  others  having  a purely  mechanical 
origin. 

We  may  take,  as  an  example,  what  is  caUetl  the  Rila  limestone  in 
North  Wales.  This  is  a little  group  of  a few  beds,  rarely  exceeding 
twenty  feet  in  thickness,  lying  in  a scries  of  gray  slaty  rocks  several 
thousand  feet  in  thickne.ss.  Tlie  lowest  bed  is  generally  a black  cr}'stiil- 
line  limestone,  over  which  are  several  l)eds  of  hard  cr}*stalline  concre- 
tionary and  nodular  lime.stone  of  a gray  colour,  alternating  with  more 
shaly  or  slaty  beds.  Tliese  contain  small  black  nodules  possibly  of  a 
coprolitic  origin.'*^  Tlie  .softer  argillaceous  bands  wear  away  more  rapi<ll y 
than  the  cry.stalline  layers,  which  accortlingly  stand  out  in  relief  like  a 
cornice  moulding.  By  these  characters  the  Bala  lime.stone  may  often 
be  perceived  at  the  distance  of  half  a mile  on  the  side  of  a hill,  and 
iristinguished  from  the  rocks  of  hard  gritty  slate  above  and  below  it. 
It  extends  from  near  Dinas  jMowddwy  on  the  south,  to  Cader  Dinmael, 
on  the  north,  a distance  of  22  miles,  and  from  near  Llanrhaidr 
Mochnant,  on  the  east,  to  the  valley  of  Penmachno  on  the  west,  a 
distance  of  24  mUes  ; thus  occupying  an  areii  of  400  or  500  .«iquare 
miles  at  lea.st.  It  probably  was  once  much  more  extensive ; because, 
though  we  reach  its  apparent  original  termination  in  one  direction  nc{ir 
Dinas  Mowddwy,  w'here  it  dwindle.s  to  a thickness  of  two  or  three  feet, 
in  othei-8  its  pre.sent  “ outcrop  ” shews  no  symptom  of  diminution  of 
thickness  or  other  sign  of  original  termination. 

The  little  group  of  black  shales  just  now  spoken  of  as  the  Lower 
limestone  shales,  is  always  found  just  at  the  base  of  the  Carboniferous 
limestone  in  the  south  of  Ireland,  from  Kerr}’’  and  North  Cork,  to 
Waterford  and  Wexford,  over  an  area  of  150  miles  in  diameter,  and 
occurs  again  Avith  precisely  similar  characters  beneath  the  Carboniferous 
limestone  that  siirromuls  the  coal-tiehl  of  South  Wales.  It  varies  irj 
tliickness  from  20  to  200  feet,  having  very  con.stant  lithological  charac- 
ters over  all  that  space,  besides  extending  over  an  area  in  South  Cork, 
where  it  forms  the  upper  i>art  of  a hu’  larger  mass  of  similar  beds. 

On  the  other  hand,  .some  be<ls,  even  of  a considerable  thickne.ss, 
have  a remarkably  small  extension,  being  mere  c;xkcs,  thick  in  the 
middle,  and  thinning  out  rapi<lly  in  every  direction.  Tliis  hajjpens 
sometimes  Avith  all  kinds  of  aqueous  rocks ; but  is  the  moiv  usual 
characteristic  of  the  coarser  mechanically  formed  rocks,  being  more 
common  in  sandstones  than  in  clays  and  .shakes,  and  more  frequent  in 
conglomerates  than  in  .sandstones. 

Bed.s  of  .‘sandstone  in  the  coal  di.stricts  are  sometimes  foimd  to 
thicken  or  thin  out  very  rapidly.  Tliis  is  ea.sily  oViserA’able  Avliere 
sjindstone  beds  are  known  to  the  colliers  by  sjxjcific  names,  and  where 
the  coal  pits  are  near  together.  Tlie  miners  are  occasionally  throAAui 
• A “ coprolite  ” is  the  petrified  droppijig  of  some  animaL 
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out  in  their  calculations  as  to  the  depth  at  which  particular  coals  will 
be  found  by  these  irregularities,  which  are  sometimes  so  great  and 
rapid,  as  to  be  called  “ faults  ” by  men  not  accustomed  to  precision  in 
the  terms  they  use.  Such  an  instance  occurs  near  Wednesbury  in 
South  Staffordshire,  where  a bed  of  sandstone  known  by  the  name  of 
tlie  “ New  Mine  rock  ” thickens  out  from  nine  feet  to  seventy-eight 
feet  jn  the  course  of  a few  yards’  horizontal  distance.  In  other  xmrts 
of  the  district  this  sandstone  varies  from  fifteen  to  sixty  feet,  and  in 
some  places  is  entirely  wanting. 

In  examining  sandstones  and  conglomerates,  the  conglomerates  or 
old  gravel  beds  are  often  found  to  be  very  partial  and  irregular,  form- 
ing steep-sided  banks  and  mounds  enveloped  in  sand. 

In  these  cases,  although  it  was  obviously  a work  of  time  for  the 
pebbles  to  have  been  ground  down  from  their  original  large  and  angular 
condition  to  their  present  small  rounded  form,  and  although  we  may 
very  well  suppose  them  to  have  been  washed  about  from  place  to  place, 
and  thus  to  have  eventually  travelled  far  from  their  original  site,  yet 
their  final  deposition  in  the  place  where  we  now  find  tliem  was  pro- 
bably a rather  rapid  action. 

Conglomerates,  then,  may  be  quoted  as  examples  either  of  the 
length  of  time  required  for  their  fonnation  or  of  its  shortness^  according 
as  we  look  to  the  'preparation  of  their  materials  or  the  actual  deposition 
of  them.  Tliis  remark  holds  good,  too,  with  respect  to  all  other  coarse 
mechanically  formed  rocks. 

Relation  between  the  Extent  and  the.  Composition  of  a Bed. — It  may 
be  stated  as  a general  rule,  that  the  finer  the  materials  of  which  a bed 
is  composed,  the  wider  is  its  area  and  the  more  equable  its  thickness, 
and  the  rule  holds  equally  good  for  groups  of  beds. 

Ill  a group  of  beds  made  up  of  alternations  of  fine-grained  and 
coarse  materials,  the  variations  in  thickness  in  different  pails  of  its 
area,  arc  generally  due  to  the  changes  that  take  place  in  the  coarser  beds. 

Ill  other  words,  the  extent  and  equability  of  be<ls  is  generally  in 
direct  relation  with  the  specific  gravut)'  of  their  materials,  or  at  least 
with  their  capacity  for  floating,  those  whicli  sank  most  slowly  being 
most  widely  and  equably  diffused  through  the  water,  and  rice  versd. 

A most  remarkable  example  of  the  above  rule  is  aftbrtled  us  in  the 
South  Stafford.shire  coal  field,  where  a group  of  “ Coal-measures  ” com- 
jKiscd  of  alternations  of  clays,  sandstones,  and  coals,  which  at  Essington 
is  between  300  and  400  feet  in  thickness,  thins  out  towards  the  south, 
by  the  gradual  dying  away  of  the  shales  and  sandstones,  so  that  in  the 
space  of  five  or  six  miles  the  different  beds  of  coal  come  to  rest  directly 
one  upon  the  other,  and  are  continued  for  ten  miles  at  least  towaixls 
the  south  as  a compound  seam  of  coal,  thirty  feet  thick,  with  but  a few 
shaly  ])artings  between  the  beds. — {Menis.  Geol.  Biirveg,  S.  Staff,  coal- 
field, 2d  Ed.) 
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The  principal  varieties  of  stratified  rock  are  usually  found  in  beds 
which  are  thinner,  more  extensive,  and  more  equable,  in  the  following 
order: — 1.  Conglomerates,  the  thickest,  most  irregular,  and  occupying 
the  smallest  area ; 2.  Sandstone  ; 3.  Clay  or  shale  ; 4.  Limestone ; 5. 
Coal,  the  thinnest,  most  regular,  and  most  widely  spread. 

Ii'regular  and  Oblique  Lamination  and  Stratif cation. — In  shales 
the  laminae  are  remarkably  thin  and  regular,  all  pandlel  to  each  other, 
and  parallel  also  to  the  planes  of  stratification.  In  many  fine-grained, 
and  in  some  coarse-grained  sandstones,  this  regularity  and  parallelism 
likewise  prevails.  In  other  sandstones,  however,  great  irregularity  is 
observable  in  the  lamina)  of  which  the  beds  are  made  up,  the  layers  of 
different  coloured  or  different  sized  grains  being  oblique  to  the  planes 
of  stratification,  and  various  sets  of  layers  lying  sometimes  at  various 


angles  and  inclining  in  different  directions  in  the  same  betl,  as  in  fig. 
1 2,  which  is  taken  from  a sketch  made  on  the  coast  of  Waterford. 

This  structure  is  a proof  of  frc(j[uent  change  of  direction,  and  pro- 

bably  of  strength,  in 

- — — — ■ the  currents  which 

brought  the  sand  into 
the  water.  If  we  sup- 
pose a current  of  water 
running  over  a surface 
which  ends  in  a shq>e, 
as  at  a,  in  fig.  13, 


Fig.  13. 


it  is  clean*  that  any  sand  which  is  being  drifted  along  the  bottom 
from  by  will,  on  reaching  a,  roll  down  into  the  comparatively  still 
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water  of  the  tleex)er  part,  and  remain  there  probably  undisturbed. 
Layer  after  layer  of  sand  may  thusj  be  dcjjosited  in  an  inclined 
position  accoixling  to  the  slope  of  the  bank*  On  the  other  hand, 
if  any  obstacle  arrests  the  sand  which  is  being  drifted  along  the 
bottom  of  any  water,  some  of  it  will  be  piled  up  into  a heap,  and  a 
bank  will  be  then  formed  having  laminae  more  or  less  inclinetl.  If  the 
current  shifts  its  direction, another  bank  maybe  formed uith  its  laminae 
inclined  at  a different  angle  or  in  a different  direction.  Moreover,  after 
one  bank  has  been  formed,  a subsequent  change  in  the  velocity  or  the 
dii-ection  of  the  moving  water  may  cut  off  and  remove  a portion  of  it, 
or  excavate  a channel  through  it,  and  this  hollow  or  fresh  surface  may 
be  again  filled  up  or  covered  over  by  layers  ha\dng  a different  fonn 
from  the  first.  In  this  way  water  subject  to  changes  of  current,  espe- 
cially shallow  water  full  of  eddies,  will  throw  douni  or  heap  up  materials 
in  a ver}'  confused  and  irregular  manner. 

Oblique  lamination  of  beds  is  carrietl  out  sometimes  to  such  an 
extent  as  to  produce  several  beds,  sometimes  of  no  slight  tliickiiess, 
which  lie  obliquely  to  those  above  and  below  them.  Instances  of  this 
were  observed  and  described  by  Mr.  G,  V.  Du  Noyer  in  the  Dingle  pro- 
montory, on  the  west  coa.st  of  Ireland.  He  pointed  out  to  me  such 
series  of  beds  Ijiiig  obliquely  to  each  other,  both  in  the  cliffs  and  in 
tlie  shores  exposed  at  low  water. 

I have  also  obsen'ed  a similar  case  in  South  Staffordshire,  where, 
over  a space  at  least  a quarter  of  a mile  across,  quarries  were  opened 
shewing  beds  of  sandstone  inclined  at  an  angle  of  30°,  while  a hori- 
zontal bed  of  coal  stretched  a little  way  below  over  the  whole  areiL 

It  is  a mollification  of  the  same  action  probably  which  has  produced 
what  are  called  “ rolls,”  “ swells,”  or  “ horses’  backs,”  in  the  Coal 
Measures,  and  probably  in  other  rocks  where  they  remain  less  noticed. 

A long  ridge,  and  sometimes  one  or  two  paiullel  ridges,  of  clay  or 
.shale  are  occasionally  fouml  rising  from  the  floor  tlmmgh  one  or  more 
beds  of  coal,  “ cutting  them  out”  for  a ceitain  distance,  to  use  the  miners’ 
terms.  The  crest  of  such  a ridge  is  sometimes  eight  feet  above  the  floor 
of  the  coid,  until  a very  gentle  inclination  on  either  side,  the  beds  of 
coal  ending  smoothly  and  gradually  against  it. — (Sec  Mnns.  Oeol.  Surve.}/^ 
S.  Staff,,  2d  edition.)  Its  foiination  was  obviously  anterior  to  that  of 
the  coals  which  it  “ cuts  out tho.se  coals  and  the  “ swell”  itself  being 
regularly  covered  either  by  a higher  bed  of  coal,  or  by  the  “ roof”  of 
the  seam,  without  any  interrujition  or  disturbance.  Tlie  swells  are 


■*  .V  verj’i»retty  little  machine  hius  l»t‘en  invented  by  Mr.  Sorby  for  proilncing  this  oblique 
luininnlion.  Sand  poured  into  a small  trough  is  canied  fonvanl.s  by  means  of  a screw,  and 
falling  down  into  a narrow  space  between  a Ixiani  and  a sheet  of  glass,  arranges  itself  in 
inclined  ln5'era  acconling  to  the  rapidity  with  which  the  screw  i.s  worked  and  the  angle  at 
which  tlie  instrument  is  held. 
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sometimes  200  or  300  yards  long,  and  10  or  12  yards  wide  at  the  base 
(See  fig.  14.)  ^ 


Fig.  14. 

In  this  Fig.  a is  black  clunch  containing  l>alls  of  ironstone  ; b b,  lx.‘ds  of  coal. 

C\irrmt  Mark  or  Rij>ple. — Another  effect  of  current  i.s  to  protluce 
a “ripple”  or  “cunent  mark”  on  the  surface  of  a bed  of  sandstone  or 
.‘landy  shale.  Tliis  rippled  surface  is  exactly  the  same  as  that  which  is 
seen  on  the  sands  of  the  sea-shore  when  left  drj'  by  the  tide,  and  which 
may  occasionally  be  seen  at  the  bottom  of  any  clear  water  where  a 
current  is  moving  over  sand.  It  may  be  ob.serv'ed  also  sometimes  on 
sand-hills  on  <lry  land,  where  it  i»  protluced  by  the  drifting  action  of 
the  wind.  Either  wind  or  water,  as  they  roll  before  them  the  little 
graiiLs  of  sand,  tend  to  pile  them  into  small  ridges,  which  are  |>eri)e- 
tually  advancing  one  on  the  other,  in  consecpience  of  the  little  gnuns  of 
.sand  l>eing  successively  pushed  up  the  windward  or  weather  side  of 
the  ridge,  and  then  rolling  over  and  resting  on  the  lee  or  sheltered 
side. 

It  is  produced  on  tlie  sea-beach,  not  in  conseiiuence  of  the  ripple  of 
the  wave  impressing  its  o>ni  fonn  on  the  sand  below,  which  would  be 
an  impossibility,  but  because  of  the  moving  current  of  water  as  the  tide 
advances  or  recede.s.  Wind  moving  over  the  surface  of  water  causes  a 
ripple  on  that  surface.  Wind  or  water  mo^dng  over  the  surface  of  fine 
incoherent  sand  causes  a similar  rii)ple  uj)oii  it.  Tlie  ripple  on  the 
surface  of  the  water  is  quite  momentary,  since  the  perfect  njobility  of 
the  particles  of  a liquid  among  each  other  Ciiuses  them  to  tend  to  arrange? 
themselves  .so  as  to  produce  a level  surface  the  instant  the  Intend  impulse 
is  withdmwn.  The  ripple  on  the  surface  of  siunT,  however,  remains 
when  the  lateral  pre.ssure  of  the  water  or  air  current  ceases  to  act,  and 
is  permanent  unless  obliterated  by  some  subsequent  force. 

If  the  rippled  surface  be  covere<l  l«y  the  tranquil  deposition  of  a 
film  of  clay,  or  if  it  acquire  some  degree  of  consolidation  before  another 
layer  of  sand  l>e  blown  or  drifted  over  it,  it  may  remain  fixed  for  ever. 
In  fine  grained  sandstones,  it  is  not  unu.sual  to  find  many  successive 
rippled  surfaces,  one  under  the  other,  at  .spaces  of  some  inches  or  some 
feet  apart  vertically. 

It  is  clear  that  the  under  surface  of  the  layer  of  sand  which  is 
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deposited  upon  a rippled  surface  will  itself  take  a cast  of  the  rippled 
form,  and  when  the  two  surfaces  are  removed,  and  placed  side  by  side, 
it  may  not  always  be  easy  to  say  which  was  the  original  ripple  and 
which  its  cast. 

In  like  manner,  when  beds  having  rippled  surfaces  have  been  tilted 
up  naturally  into  a vertical  position,  or  ])ushed  beyond  that  so  as  to  be 
partially  inverted,  it  may  not  be  easy  to  say  which  surface  was  originally 
the  upper  and  which  the  lower.  Sometimes,  however,  this  can  be 
ascertained  either  from  the  foriu  of  the  ripple  itself,  or  from  other 
markings,  and  the  character  occasionally  becomes  of  value  as  assisting 
to  prove  the  fact  of  inversion. 

The  existence  of  a rij)pled  surface  is  no  evidence  of  itself  as  to  the 
depth  of  the  water  in  which  it  was  formed.  A current  of  water  of  any 
depth  whatever,  which  pushes  grains  of  sand  along  the  bottom,  may 
produce  a rippled  surface  on  that  sand.  Tlie  ripj)le  on  the  surface  of 
water,  or  on  that  of  dry  sand-hills,  is  pixxluced  at  the  l3ottom  of  the 
atmosphere,  and  if  the  lower  stratum  of  deep  water,  no  matter  what 
the  depth  might  be,  moved  in  like  manner,  it  would  produce  a similar 
effect.  Rippled  surtaces  will,  however,  be  more  freriuently  produced  at 
the  bottom  of  shallow  than  of  deep  water,  because  the  requisite  currents 
are  more  frequent  in  the  fonner  than  the  latter. 

The  size  of  the  ripple,  or  the  distance  from  crest  to  crest  of  the 
ridges,  varies  from  half  an  inch  to  eight  or  ten  inches,  with  a proixir- 
tionute  variation  in  the  depth  of  the  hollows  between  them.  Sandstones 
of  all  ages,  from  the  oldest  known  rocks  to  the  most  modem,  have  occa- 
sionally rippled  surfaces.  Magnificent  ex{imj)les  are  sometimes  shewn 
in  the  cliff’s  of  the  south-west  coa.st  of  Ireland,  where  highly  inclined 
beds  are  sometimes  seen  bared  in  the  face  of  the  cliffs  at  the  sides  of 
small  bays  or  coves,  exjK)8ing  most  beautifully  and  symmetrically  rippled 
surfaces  over  an  area  of  a himdred  or  twn  hundre<l  feet  in  diameter. 

Mr.  Sorby  has  shewn  that  uiferences  may  be  drawn  from  the  exa- 
mination of  these  “current-marks”  as  to  the  strength  and  direction  of 
the  currents  that  caused  them,  and  that  w'e  may  thus  leason  back  to 
some  conclusions  as  to  the  physical  geograj)hy  of  particular  districts  in 
former  geological  perio<l8. 

In  places  w’here  the  current  was  troubled  and  confuse<l,  a modifica- 
tion of  these  ripjded  surfaces  is  sometimes  produced,  the  bed  being 
irregularly  mammillati^  on  its  surface,  w'hich  is  pretty  equally,  although 
irregidarly,  divided  into  smaller  hollows  and  juotubeninces  of  a few 
inches  diameter.  Tliis  surface  stnicturc  may  be  seen  in  process  of 
production  now',  on  shores  w’here  spaces  of  sand  are  enclosed  by  rocks, 
HO  that  as  the  tide  falls  it  is  made  to  nm  in  difl’ercnt  directions  among 
tlie  rock  channels  ; Init  it  would  probably  be  caused  at  any  depth  at 
which  a current  could  be  similarly  troubled  and  confused.  It  is  not 
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unfrequently  seen  among  gritstones,  even  those  of  the  very  oldest  rocks. 
It  might  be  called  dimpled  current-mark.” 

A conclusion  of  some  importance  to  geological  theory  may  be  derived 
from  these,  as  from  other  physical  structures  in  rocks,  namely,  that  the 
strength,  velocity,  and  mode  of  action  of  moving  water  in  the  old 
geological  periods  was  precisely  of  the  same  kind  and  intensity  as  those 
with  which  we  are  familiar  at  the  present  day. 

Contemporaneoiu  Erosion  and  Filling  up. — Stratified  rocks  some- 
times occur  in  such  a way  with  respect  to  each  other  as  to  shew  that  a 
bed,  not  only  of  sand,  but  of  clay,  coal,  or  other  soft  rock,  after  being 
formed,  has  had  channels  or  liollows  cut  into  it  by  currents  of  water, 
and  these  hollows  have  been  filled  up  by  a part  of  the  bed  next  depo- 
sited. 

In  fig.  15,  taken  from  a road  cutting  in  the  New  red  sandstone  at 
Shipley  Common,  near  Wolverhampton,  1 is  a bed  of  red  and  white 


Fig.  15. 


marl  or  clay  ; 2 is  a chocolate  brown  sandstone  with  irregular  beds  and 
patches  of  marl ; 3 is  a bed  of  red  marl,  like  1,  but  which  seems  at 
one  time  to  have  been  thicker  than  it  now  is,  and  to  have  had  some 
part  of  its  upper  surface  carried  oflf  before  the  deposition  of  4,  which  is 
a brown  sandstone,  that  in  like  manner  seems  to  have  had  its  upper 
surface  eroded  and  the  hollows  filled  up  by  the  deposition  of  6,  which 
is  a mottled,  red  brown  and  white,  calcareous  sandstone,  or  com- 
stonc. 

This  erosion  sometimes  affects  even  a small  group  of  beds.  In  the 
tertiary  beds  near  Paris,  which  are  believed  to  have  been  deposited  in  a 
shallow  bay  or  gulf,  receiving  rivers,  and  therefore  traversed  by  currents, 
this  structure  is  frequent.  Two  remarkable  examples  were  observable  in 
the  large  excavation  near  the  terminus  of  the  Rouen  railway.  In  a 
cliff  about  40  feet  high*  in  the  fresh-w'ater  limestone  formation,  called 
the  Calcaire  St.  Ouen,  two  trough-like  hollows  w'ere  seen  about  50  yards 
apart  ; the  beds  previously  formed  having  been  excavated  for  a depth 
of  20  feet  and  a width  of  15,  and  the  hollowrs  thus  formed  being  filled 
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up  by  irregular  meniscus-shaped*  expansions  of  the  upper  beds.  (JSee 
fig.  16.) 


Fig.  16. 

Hollow  of  erosion  in  tertiary  rocks  near  Paris,  filled  np  by  thickening  of  the  snbse- 
qucnUy  formed  beds. 


I am  not  aware  whether  the  French  geologists  believe  that  any  con- 
siderable geological  period  elapsed  between  the  deposition  of  the  beds 
thus  eroded  and  those  which  fill  up  the  hollows. 

Similar  trough-like  hollow’^  are  met  with  in  coal  mining,  traversing 
beds  of  coal,  the  coal  being  eaten  away,  and  the  hoUows  filled  up  by  the 
matter  which  compose  its  roof,  such  as  clay,  shale,  or  sandstone.  Mr. 
Buddie  has  described  very  fuUy  one  met  with  in  the  Forest  of  Dean, 
where  the  miners  gave  the  name  of  “ the  horse  ^ to  the  stuff  wliich  thus 
seemed  to  come  down  and  press  out  the  coah  This  trough  was  found 
to  branch  when  traced  over  a considerable  area,  as  in  coal  mining  it 
necessarily  was,  and  to  assume  all  the  appearance  of  having  been  formed 
by  a little  stream  with  small  tributaries  falling  into  it  ; the  channels 
of  the  stream  being  afterwards  filled  up  by  the  subsequently  deposited 
materials  that  were  spread  over  the  whole  coal — {Trans.  Oeol.  Soc. 
Lond.f  vol.  vi.  n.  3.) 

Another  modification  of  this  erosive  action  is  represented  in  Fig. 
17,  taken  from  a sketch  made  in  a quarry  in  the  neighbourhood  of 
Hobart  Town,  Tasmania,  where  a bed  of  soft  brown  imctuous  clay,  about 
a foot  thick  (6),  lying  between  two  beds  of  hard  white  sandstone  (a  and 
<f),  suddenly  ended,  and  its  place  was  occupied  by  sandstone  (c),  similar 
in  character  to  the  beds  above  and  below  it.  We  must  in  this  case 
suppose  that  after  the  formation  of  the  bed  of  sandstone  (a  a),  a bed  of 
clay  {b)  was  deposited  over  a certain  portion  of  the  area,  and  that  then 
a current  of  water,  bringing  in  sand,  wore  back  the  little  bed  of  clay, 
eating  into  it  so  as  to  form 'a  small  cliff  or  step,  and  depositing  the 

* A nicnlsctis  is  a lon.s  concave  on  one  surface,  and  convex  on  the  other,  the  surfaces 
meeting,  which  those  of  the  beds  do  sometimes. 
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sand  (c)  afterwards  against  it,  as  represented  in  the  diagram.  The  two 
beds,  thus  exactly  on  the  same  level,  but  mt  exactly  contemporaneoutf 
were  finally  covered  by  the  bed  of  sandstone  {d  d),  which  spread  equally 
over  both  of  them. 

We  see  in  this  case  proof,  that  although  the  bed  c is  exactly  on  the 


Fig.  17. 

Eroded  termination  of  bed  of  clay,  with  sandatone  formed  against  it  (Hobart  Town, 
Tasmania). 

same  level  as  the  bed  6,  both  reposing  on,  and  both  covered  by,  the 
same  beds,  yet  they  are  still  not  exactly  of  the  same  age,  but  that  c was 
formed  subsequently  to  6,  inasmuch  as  h was  not  only  forme<l,  but 
partially  destroyed,  previously  to  the  formation  of  c.  Such  facts  give  us 
farther  proof  of  the  length  of  the  intervals  which  may  elapse  between 
the  formation  of  two  beds,  such  as  a and  c?,  and  also  caution  us  not  in 
all  cases  to  infer  strict  synchronism  from  the  fact  of  beds  occupying  the 
same  geological  horizon. 

CoiUemporaneUy  of  Beds  on  same  Horizon. — If  a group  of  beds, 
whether  large  or  sm^,  have  the  arrangement  shewn  in  fig.  18,  the 


a. 


A 

Fig.  18. 

order  of  the  formation  of  the  beds  is  clear  enough  as  regards  a,  J,  and  c;  but 
and  may  either  have  been  deposited  contemporaneously,  or  one  before 
the  other  j e is  clearly  subsequent  to  them  both  ; but  the  relative  age  of 
and/*  is  uncertain,  while  there  is  no  doubt  about  that  of  y and  h.  If  we 
wished  to  estimate  the  whole  time  consumed  in  the  formation  of  such  a 
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BCt  of  beds,  it  would  be  obviously  wrong  merely  to  take  tbeir  mean 
thickness,  as  shewn  at  A B,  for  the  measure  of  that  time.  The  whole 
thickness  of  a had  been  deposited  before  h had  been  begim,  and  both 
were  complete  before  c was  formed.  If,  therefore,  w’e  assume  thickness,  or 
quantity  of  material  deposited,  as  the  measure  of  time  occupied  in  depo- 
sition, it  is  clear  that  w'e  sliould  add  together  the  mjixima  of  a,  i,  c,  and 
not  take  their  mean  ; and  in  doing  this,  we  should  feel  some  doubt  as 
to  whether  we  ouglit  not  to  reckon  and  and  similarly  /*  and  /*,  as 
two  separate  and  consecutive  beils,  instead  of  supposing  them  to  have 
been  fonued  at  the  same  time. 

The  more  carefully  we  study  the  stratified  rocks,  the  more  extensive 
become  the  periods  of  time  we  have  to  allow  for  their  formation,  and 
the  more  numerous  and.  longer  are  the  intervals  of  non-deposition  that 
occur  to  us. 

Interstratifcationy  Association^  and  Alternation  of  Beds.  — No 
genenil  rule  can  be  laid  down  as  to  the  association  of  different  kinds  of 
beds  with  one  another.  Limestones,  sandstones,  and  clays  occur  either 
in  separate  groups,  or  interstratified  one  wdth  the  other  in  every  imagin- 
able variety  of  disjxisition. 

We  have  sometimes  a series  of  beds,  many  hundrcnls  of  feet  in 
aggregate  thickness,  of  pure  limestone,  with  scarcely  a single  seam  of 
clay  or  sand,  even  so  much  as  an  inch  thick.  Instances  of  this  are 
shew'n  in  the  Chalk  of  the  south-east  of  England,  and  the  Carboniferous 
Limestone  of  Derbyshire,  and  of  large  portions  of  Ireland. 

In  the  case  of  the  CHialk,  there  is  in  some  places  a thickness  of  as 
much  as  1000  feet  of  soft,  almost  pow^deiy’,  and  nenrly  pure,  white, 
carbonate  of  lime,  that  looks  more  like  an  artificial  than  a natural  pro- 
duct. Its  stratification  even  is  occasionally  indistinct,  as  if  there  had 
been  almost  a continuous  deposit  of  this  material  with  scarcely  any 
interruption,  though  this  is  probably  the  result  of  the  comparatively 
slight  consolidation  of  the  rock  rather  than  of  its  rapid  accumulation. 

In  the  district  called  Burren,  in  county  Clare,  there  are  hills  more 
than  1000  feet  high,  exposing  slightly  inclined  beds  of  Carboniferous 
limestone  perfectly  bare  of  soil,  or  any  other  covering,  from  their  sum- 
mits do>\Ti  to  the  sea.  A thickness  of  1400  feet,  at  least,  is  thus  shewn 
without  a trace  of  any  other  bed  than  pure  gray  limestone. 

Series  of  beds  of  sandstone,  almost  entirely  devoid  of  calcareous  or 
argillaceou.s  matter,  and  having  a total  thickness  of  many  hundred  feet, 
likewise  frequently  occur.  Old  gravel  beds,  now  compacted  into  con- 
glomerate, are  often  associated  with  the.se  ; and  the  siind.stones  exhibit 
every  variety  of  texture,  from  lines  of  small  pebbles  to  the  finest 
possible  grains.  In  such  mas.scs  of  sandstone,  it  is  rare  to  find  any 
foreign  bodies,  and  mineral  concretions  or  chemical  dejwsits  haidly  ever 
occur  in  theuL 
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Groups  of  beds  of  abnost  pure  clay  also  occur,  making  up  a total 
tMckness  of  several  liimdred  feet,  with  hardly  a single  bed  of  sandstone 
or  bmestone  to  be  found  in  them. 

While  cases  of  this  accumulation  of  one  particular  kind  of  matter, 
of  great  thickness,  are  by  no  means  rare,  it  is  perhaps  more  usual  to 
find  different  beds  of  rock  alternating  one  with  the  other,  sometimes  so 
interstrati fied  that  there  is  never  a greater  accumulation  than  twenty  or 
thirty  feet  of  any  one  sort  without  others  interposed  between  them. 

Beds  of  bmestone  are  frequently  separated  by  Ixids  of  clay  or  shale, 
which  is  most  commonly  black  or  brown.  These  shales  are  themselves 
sometimes  calcareous,  and  there  seems  occasionally  to  have  been  such 
an  eciual  mingling  of  the  two  kinds  of  matter,  that  it  is  hard  to  say 
whether  it  would  l>e  most  proper  to  call  the  rock  a shale  or  a bme- 
stone. Such  are  some  of  the  beds  kno\^*n  as  calp  shale  or  calp  bme- 
stone in  the  middle  districts  of  Ireland. 

Beds  of  sandstone,  again,  often  alteniate  with  such  shales,  so  that 
we  get  a series  of  beds  consisting  of  alternations  of  all  these  kinds. 
Beds  of  bmestone  sometimes  alternate  with  sandstones,  some  of  which 
may  bkewise  be  calcareous ; but  it  is  more  rare  to  find  ]mre  bmestone 
and  pure  sandstone  interstratified  mth  each  other,  than  to  have  clayey 
beds  alternating  with  either  or  with  both.  Sj)eaking  generally,  indeed, 
we  find,  in  examining  the  vertical  succession  of  beds  of  rock,  an 
approach  to  the  same  kind  of  passage  or  gradation  that  we  sometimes 
perceive  in  their  lateral  extension.  Beds  of  very  fine  and  very  coarse 
materials  rarely  rest  directly  one  upon  the  other.  Conglomerates  are 
generally  covered  and  underlaid  by  sandstones,  and  not  by  clays  or 
shales.  Coarse  sandstone,  in  the  same  way,  has  usually  a bed  of  finer 
sand,  either  above  or  below,  before  shale  or  clay  occurs. 

The  transition  from  the  conditions  favourable  to  the  deposition  of 
one  kind  of  rock  to  those  conducive  to  another  has  generally  been 
gradual  rather  than  abrupt.  The  tnmquil  water  of  the  open  sea, 
which  seems  to  be  the  general  producer  of  bmestone,  becomes  first 
invaded  by  gentle  currents,  bringing  in  finely  suspended  mud,  before  it 
is  traversed  by  those  of  suflicient  strength  to  carry  out  the  coarser 
material  of  sand.  Not  unfrequently,  however,  alternations  of  finer  and 
coarser  griiined  lamune  occur  even  in  the  same  bed,  provuig  that  the 
bed  was  formed  by  a succession  of  actions,  and  by  as  many  different 
deliveries  of  matter  into  the  water  as  there  ore  sets  of  alternations. 

It  will  be  well  perhaps  to  give  here  a few  instances  of  alternation 
of  beds,  taken  from  actual  observation  and  measurement.  The  first  is 
from  PhUbps’s  Qeologxj  of  Torkshirey  vol.  u.,  p.  66.* 

* In  all  tabular  li«t8  of  beds  or  formations  In  this  work,  the  series  will  be  arranged  on 
the  page  in  their  order  of  superposition,  but  they  will  be  numbered  in  order  of  age,  begin- 
ning with  the  oldest  or  first  formed. 
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No.  . Feet 

21.  Beds  of  sandstoue,  called  Millstone  Grit,  together  . 87 

20.  Beds  of  shale,  taken  together  .....  30 

1 9.  A bed  of  limestone  ......  2 

1 8.  Beds  of  shale  . , . . . . . . 18 

1 7.  A bed  of  limestone  ......  3 

16.  Beds  of  shale  .......  6 

1 5.  A bed  of  limestone  ......  3 

14.  Beds  of  shale,  together  . . . . . . 26 

13.  Flinty  chert  (a  compact  siliceous  rock)  . . . 16 

1 2.  A bed  of  shale  .......  1 

11.  Crow  chert.  (Crow  is  a local  term) ....  6 

10.  Shfdes  .........  9 

9.  Second  crow  chert  . .....  12 

8.  Crow  limestones  (probably  in  several  beds)  . . 12 

7.  Sandstone  or  gritstone  ......  6 

6.  Coal  .........  1 

6.  Simdstone  or  gritstone  ......  7 

4.  Shales  .........  8 

3.  Gritstone  in  several  beds  . . . . . 88 

2.  Girdles  (a  kind  of  sandstone)  . . . . . 10 

1.  Shales  .........  18 
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These  beds  are  grouped  together,  Muth  some  others,  under  the 
name  of  the  ^‘Millstone  grit  series,”  by  Professor  Phillips,  it  being 
often  necessary  to  supply  some  one  designation  to  a complicated  series 
consisting  of  all  kinds  of  rock. 

In  sinking  coal  pits,  many  alternations  of  arenaceous  and  argil- 
laceous rocks,  the  latter  often  containing  ironstones,  with  diflerent 
varieties  of  coal,  arc  almost  invariably  met  with.  The  following  is  an 
example  derived  from  the  Bristol  coal-fields  {Mem.  Oeol.  Survey^  vol.  i., 

p.  210). 


No. 

23.  Argillaceous  shales 

22.  Sandstone 

21.  Coal 

20.  Underclay 

19.  Argillaceous  shales 

18.  Coal  and  shale  . 

17.  Coal 

16.  Underclay  • 

15.  Argillaceous  shale 


Feet.  In. 

185  0 

4 0 

1 6 

2 0 
64  0 

4 0 

1 0 

4 0 

4 0 
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No. 

Feet. 

In. 

14.  Sandstone 

2 

0 

13.  Argillaceous  shales  . 

23 

0 

12.  Coal 

9 

0 

11.  Underclay 

3 

6 

10.  Coal  .... 

0 

6 

9.  Underclay 

2 

0 

8,  Argillaceous  shales  . 

7 

0 

7.  Sandstone 

1 

0 

6.  Argillaceous  shale 

2 

0 

5.  Sandstone 

6 

0 

4.  Argillaceous  shale 

4 

0 

3.  Coal  .... 

2 

4 

2.  Underclay 

2 

0 

1.  Sandstone 

• • 

3 

0 

The  whole  section  of  which  this  is 

a portion. 

enumerates 

similar  alternations,  haring  a total  thickness  of  5084  feet,  with  an 
additional  series  below,  1200  feet  thick,  principally  composed  of  hard 
sandstone. 

It  may  be  useful  to  add  another  section  from  a totally  different 
set  of  rocks,  but  still  exhibiting  the  same  facts  as  to  the  alternation  of 
various  kinds  of  beds.  It  was  taken  at  Catsgrove  Hill,  near  Reading 


(Conybeare  and  Phillips,  p.  43). 

No.  Feet. 

1 2.  Soft  loam  . . . . .11 

1 1.  Dark  red  clay,  mottled  with  gray  . . 4 

10.  Light  ash-coloured  clay,  mixed  ^v^th  fine  sand  . 7 

9.  Fine  micaceous  sand,  laminated,  partially  mixed 

with  clay  .....  4 

8.  Fine  ash-coloured  sand  ...  5 

7.  Dark  red  clay,  mottled  with  blue  . . 6 

6.  Light  gray  clay,  mixed  with  fine  sand  . . 5 

5.  Wliite  sand  .....  4 

4.  Fuller’s  earth  .....  3 

3.  Yellowish  quartzose  sand  ...  5 


2.  Siliceous  sand,  with  rolled  and  angular  chalk  flints  3 
1.  Chalk  to  an  unknown  depth. 

It  is  to  be  specially  noted,  as  regards  the  occurrence  of  coal,  that  it 
almost  invariably  rests  on  a fine  argillaceous  bed,  often  what  is  called 
“ fireclay.”  This  fact  is  familiar  even  to  the  miners,  so  that  it  has 
received  the  name  of  “ underclay  ” in  the  South  Welsh  district,  and  in 
others,  as  in  the  South  of  Ireland,  is  called  “ coal  itaiV  The  general 
order  of  superposition  (or  of  time  of  formation,  for  these  are  convertible 
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11.  Earthy  rotten  shale, 
with  a thin  hard  band 

10.  Gray  ciystalline  crinoi- 
dal  limestone  . 


Ft  In. 

2 7 

3 4 


9.  Soft  brown  earthy  shale, ' 
with  abundance  of 
fossils  and  many  ► 
irregular  layers  of  f 
black  chert  . . J 


11  6 


8.  Hard  gray  shale  with 
encrinites  and  shells 

7.  Gray  compact  limestone  3 6 

6.  Do.  with  layer  of  black 
chert  nodules  . 

6.  Thin  irregularly  bedded 

limestone,  with  shale  V 1 9 

at  top  . . . j 

4.  Com|)act  limestone  . 0 9 

3.  Light  gray  compact 

limestone 

2.  Block . chert  layers  in 

- hard  black  shale 

1.  Gray  compact  limestone 
forming  floor  of  quarry 


} ' " 


} 


4 8 


} 


1 4 


0 9 
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terms),  is  1.  Sandstone ; 2.  Clay ; 3.  Coal ; 4.  Clay.  If  we  disregard 
the  minor  alternations,  we  should  see  this  rule  carried  out  in  almost 
all  sections  of  Coal-measures,  the  clay  above  the  coal  (the  roof)  being 
generally  thinner  and  stronger  (more  shaly)  than  that  immediately 
below.  In  some  few  instances  the  coal  seat  is  arenaceous,  and  still 
more  fre<iuently  a sandstone  or  “ rock  ” roof  may  be  found. 

Tlie  section  (fig.  19),  supplied  by  Mr.  G.  V.  Du  Noyer,  represents 
the  top  beds  of  the  Upper  Carboniferous  limestone  of  Ireland,  where 
they  pass  into  the  lower  Coal-measures.  It  was  taken  in  a quarry 
near  Old  Leighlin,  County  Carlow. 

The  foregoing  sections  will  shew  the  student  the  way  in  which  beds 
of  ac^ueous  rocks  are  frequently  interstratified  one  with  another,  and 
how  minute  are  sometimes  the  subdivisions  of  the  beds,  and  how  fre- 
quent and  sometimes  rapid  their  changes  when  examined  in  vertical 
succession. 

Included  Group  of  Beds  {Inlier). — It  occasionally  happens  that 
one  large  series*  of  beds  having  a common  character  includes  in  some 
part  of  it  a small  distinct  set  of  beds  with  a peculiar  character  of  their 
own.  Tlie  Germaits  use  the  word  “ einlager,”  which  means  “ being 
billeted,  quartered,  or  lodged  in  a place,”  and  may  sometimes  apparently 
be  translated  by  our  word  “ inmate,”  to  denote  such  a set  of  included 
beds. 

Our  word  inmate  ” is  only  applicable  to  persons,  and  I have  not 
been  able  to  think  of  any  other  term  than  “ inlier  ” to  describe  a set  of 
beds  that  are  included  within  the  general  boundaries  of  another  larger 
set.  We  may  thus  speak  of  the  Bala  and  Hiniant  Limestones  as  being 
inliers  of  the  Bala  series  ; of  the  Bradford  Clay  and  the  Fullers’  earth 
as  inliers  of  the  Lower  Oolites.  It  appears  to  me  that  such  a term  is 
wanted,  and  would  often  conduce  to  a truer  appreciation  of  the  value  of 
the  different  terms  of  the  geological  series. 

Lateral  Change  in  the  Lithological  Characters  of  Beds. — It  has 
been  already  shewn  that  every  bed  must  necessarily  thin  out  and  termi- 
nate somewhere  on  all  sides,  and  it  has  also  been  shewn  that  beds  lying 
aide  by  side  on  the  same  horizon  are  often  different  in  lithological  com- 
position. What  is  true  of  one  bed  may  be  true  of  sets  of  beds,  so  that, 
while  the  whole  of  a set  of  one  kind  of  beds  may  in  one  direction  be 
replaced  by  a set  of  a similar  kind,  in  another  the  replacing  set  may  be 
of  a totally  different  kind  of  rock. 

We  might,  for  insbmee,  in  one  locality,  have  a series  of  limestones, 
resting  one  upon  the  other,  without  the  intervention  of  any  other  beds. 
As  we  traced  this  group  across  a country,  we  should  perhaps  find  that 
little  “ partings”  of  shale  began  to  make  their  appearance  between  some 
of  the  beds  of  limestone,  and  that  as  we  proceeded  these  shales  became 
thicker  and  more  numerous,  while  the  limestones  became  thinner  in 
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proportion.  Some  of  the  limestones  would  perhaps  then  altogether 
disappear,  and  the  shales  themselves  would  be  partially  replaced  by 
beds  of  sandstone,  until  at  length  we  should  find  our  series  consist 
almost  entirely  of  sandstones  and  shales,  ^^dth  only  one  or  two  very 
subordinate  beds  of  limestone,  perhaps  to  represent  the  purely  calcareous 
group  with  which  we  commenced.  The  diagram,  fig.  20,  gives  a rough 
representation  of  this  lateral  change,  but  requires  to  be  dra^^Ti  out  to 
twenty  or  thirty  times  its  length  Ixifore  it  could  be  taken  as  a proximate 
delineation  of  the  facts  as  they  occur  in  nature. 


Fig.  20. 

In  this  diagram  the  white  bands  are  meant  for  limestones,  the  black  for  shales,  and  the 
dotted  for  sandstones. 

In  the  same  way,  groups  that  consist  principally  of  sandstone  and 
conglomerate  in  one  district  may  in  another  be  composed  chiefly  of 
limestone  and  shale  or  clay,  with  or  without  any  beds  of  sandstone. 

The  scale  upon  which  these  lateral  changes  of  character  are  carried 
out  is  altogether  indefinite.  We  see  it  sometimes  take  place  witli  respect 
to  a small  group  of  beds  wdthin  the  limits  of  a single  quarry  ; in  other 
cases,  a distance  of  a few  hundred  yards  or  a few  miles  is  requisite 
before  the  alteration  is  apparent  Some  groups  of  beds,  indeed,  preserve 
their  mineral  characters  but  little  altered  over  w'hole  coimtries  or  across 
whole  continents.  StiU,  judging  from  what  we  know,  we  must  always 
hold  ourselves  prepared  for  change  even  in  the  rocks  that  seem  most 
constant  in  their  characters  ; and  as  a matter  of  fact,  w'e  know  of  no 
one  group  of  aqueoiLs  rocks  that  preserves  the  same  mineral  characters 
in  all  parts  of  the  earth. 

We  have  many  excellent  examples  of  these  lateral  changes  in  groups 
of  strata  within  the  limits  of  the  British  islands.  We  can  perhaps 
hardly  instance  a more  cliaracteristic  one  than  that  afforded  by  the 
group  of  beds  known  as  the  Low'er  Oolites,  w'hich  arc  readily  traceable 
in  one  continuous  ridge  from  Somerset,  through  the  centre  of  England 
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to  the  Humber,  and  reapj)ear  again  as  high  ground  in  the  north  of 
Yorkshire,  Tliese  beds  repose  upon  some  dark  shales  and  clays  known 
as  the  Lias,  and  are  covered  by  a tliick  moss  of  clay  called  the  Oxford 
Clay.  These  two  tliick  groups  of  clay  are  equally  traceable  across 
England,  so  that  the  be<ls  which  lie  between  them  must  almost  neces- 
sarily belong  to  -the  same  formation,  or,  as  it  is  sometimes  expressed, 
lie  on  the  same  geological  horizon,  whatever  may  be  their  lithological 
characters,  and  even  if  they  are  not  themselves  traceable  continuously. 
The  Lower  Oolites,  which  thus  lie  between  these  two  great  clay  deposits, 
consist,  in  the  south  of  England,  very  largely  of  oolitic  limestones,  and 
it  was  here  they  received  their  name  of  “The  Oolite,”  while  in  York- 
shire the  limestones  are  replaced  by  sandstones  and  clays,  with  beds  of 
coal,  and  the  thickness  is  considerably  greater  than  in  the  south.  The 
section  of  the  two  groups  may  be  described  as  follows  ; — 


Gloucestebshire,  etc. 


Oxford  clay. 

5. — Combrash 


Feet. 
. 16 


1. 


Lias 


Clay  .... 

111 

Calcareo-siliccoQB  sand 

10 

Forest  marble 

18 

Sand  .... 

2 

I 

Clay  .... 

60, 

Great  oolite 

• 

130 

Blue  Clay  . 
Fuller’s  earth 

141 

8 

Bastard  Fuller’s  earth,  ^ 

ll22 

with  a band  of  shelly  > 
sandstone  . ) 

-100 

Inferior  oolite 

30 

GO 

O 

Calcareous  sand  . 

50  J 

Total 

469 

Yorkshire. 


Oxford  clay. 

5. — Combrash 


Feet. 
. 5 


f Sandstones  and  shales,  with  > 
ironstone  and  coal  . / 


3. — Gristhorpe  oolite  . 


15 


„ ( Sandstones  and  shales,  with  ) 
ironstone  and  coal  . J 

{ Yellow  and  gray  micaceons ') 
lx  and  fermgiuous  sand-  > 70 
stone  . . • } 


Total 


760 


Lias 


The  Gloucestershire  section  is  taken  from  Conybeare  and  Phillips’ 
Geology  of  England  and  Wales,  and  that  of  Yorkshire  from  Professor 
Phillips’ Geology  of  Yorkshire,  with  which  has  lieen  compared  his  paper 
on  the  Oolite  and  Ironstone  series  of  Yorkshire  in  the  Journal  of  the 
Geologiail  Society  of  London,  vol.  xiv.,  p.  84. 

Still  greater  changes  take  place  in  the  lateral  extension  of  the 
larger  group  of  rocks  known  as  the  Carboniferous  formation,  when 
traced  from  Devon.shire  and  Cornwall  through  the  centre  of  England 
into  Scotland,  as  >vill  be  seen  farther  on  w'hen  we  come  to  describe 
the  ty])ical  rocks  of  that  formation. 

A great  change  also  takes  place  in  the  group  of  beds  called  the  Old 
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Red  Sandstone,  as  we  trace  them  east  and  west  across  Ireland,  from 
Wexford  and  Waterfonl  into  the  counties  of  Cork  and  Kerry. 

If  the  diagram,  fig.  20,  be  supposed  to  represent  a series,  not  of 
individual  beds,  but  a series  of  formations,  so  that  each  of  the  divisions 
be  supposed  to  be  many  hundred  feet  thick  and  many  miles  in  extent, 
they  will  e(iually  represent,  in  a rude  manner,  the  way  in  which  the 
stratified  crust  of  the  earth  is  made  up.  No  single  bed,  no  group  of 
beds,  no  series  of  beds,  no  formation,  is  of  unlimited  extent.  They  all 
come  to  an  end  somewhere  ; having,  at  their  first  formation,  by  the 
very  conditions  of  their  production,  gradually  diminished  and  died  away 
in  every  direction  from  some  local  centre  or  centres  of  deposition. 

Nomenclature  of  Groups  of  Beds. — It  may  be  asked  here  if  the 
lithological  characters  of  groups  of  beds  be  so  variable,  how  is  it  that 
geologists  identify  rocks  by  the  same  designation  all  over  the  globe  ? 
How  is  it  that  we  speak  of  Sdurian,  or  Cretaceous,  or  Tertiary  rocks  in 
Australia,  in  Africa,  in  Asia,  and  in  America,  as  well  as  in  Europe  ? 
The  answer  is,  that  geological  terms,  when  ajjplied  to  rocks  in  this 
sense,  have  a purely  chronological  signification  ; they  refer  to  periods 
of  time  ; they  mean  that  the  rocks  called  Silurian,  for  instance,  in 
Australia  were  formed  at  the  same  time,  or  during  the  same  great 
period  of  the  world’s  history,  as  those  which  are  called  Silurian  in 
Siluria.  How  this  is  proved  will  be  shewn  further  on  ; but  it  is  neces- 
sary here  to  warn  the  student  of  tliis  meaning,  in  order  that  he  may 
not  foim  erroneous  notions. 

Just  as  we  may  suppose  earthy  depositions  to  be  now  taking  place 
in  Bass’  Straits,  for  instance,  as  well  as  in  the  English  Channel,  so  we 
know  that  mineral  matter  was  deposited  contemporaneously  here  and 
there  upon  the  earth  at  all  periods  of  its  history  since  land  and  water 
came  into  existence  upon  it.  K by  any  process  of  reasoning  or  investi- 
gation we  can  find  out  those  rocks  which  were  simultaneously  formed, 
or  nearly  so,  it  is  obviously  advantageous  to  designate  them  by  a common, 
name,  simply  to  point  out  the  fact  of  this  similarity  in  age,  without 
inferring  that  they  were  ever  parts  of  a continuous  mass,  or  were 
formed  of  the  same  materials,  or  were  produced  exactly  in  the  same 
way,  or  under  precisely  similar  conditions. 

Now,  whatever  may  l>e  the  origin  of  the  name  we  adopt,  whether  it 
be  that  of  their  lithological  character  at  the  locality  where  they  were 
first  described,  or  whether  it  be  derived  from  some  mineral  substance 
contained  in  them,  or  from  the  place  where  they  are  best  seen,  or  any 
other  source,  we  must  be  careful  to  recollect  that  the  name  wdll  in 
many  cases  be  a mere  name  and  not  a description,  since  its  original 
meaning  can  never  be  universally  applicable.  Just  as  we  find  Mr. 
White  and  Mr.  Black,  Mr.  Long  and  Mr.  Short,  ^vith  persons  the  very 
reverse,  perhaps,  of  what  their  names  would  imply,  so  we  may  in 
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geology  have  the  name  of  “red”  or  “green  sandstone”  afibted  to  rocks 
which  in  some  places  are  neither  reil  nor  green,  nor  even  sandstone,  so 
w*e  may  have  “ coal-measures”  which  in  some  places  contain  no  coal, 
and  “ chalk”  or  “ cretaceous”  rocks  which,  in  some  parts  of  the  world, 
consist  of  black  marble,  of  brown  sandstones,  or  of  dark  clay-slate. 

Lateral  and  Vertical  Changes  in  Gronj)s  of  Beds,  the  natural 
result  of  their  Mode  of  Formation. — The  apparent  contradiction  that 
arises  between  the  signification  of  the  name  of  a group  of  beds  and 
their  lithological  character  is  often  a difficulty  in  the  way  of  a beginner ; 
but  when  he  comes  to  reason  on  the  modes  of  formation  of  stratified 
rocks,  he  finds  it  much  easier  to  explain  their  variable  character  by 
reference  to  the  present  course  of  nature,  than  he  would  to  account  for 
their  invariability  if  each  formation  retained  eveiywhere  the  same 
lithological  character.  It  is  easy  to  understand  both  the  fact  of  a for- 
mation retaining  a similar  lithological  character  over  one  very  large 
area,  and  that  of  its  frequently  and  rapidly  changing  that  character 
over  another  area,  by  referiing  to  what  we  know  to  be  taking  place  on 
the  earth  at  the  present  day. 

If  we  compare  the  bottom  as  indicated  in  the  charts  of  the  British 
islands  and  the  west  coast  of  Europe,  or  those  of  Newfoundland  and 
the  east  coast  of  America,  with  the  bottom  of  the  central  ix)rtion  of  the 
Atlantic,  as  shewn  by  the  soundings  taken  for  the  Atlantic  telegraph 
(see  antCj  p.  128),  we  shall  find  one  widely-spread  uniform  deposit  of 
sticky  oaze,  like  chalk,  taking  place  in  the  ocean,  with  little  or  no 
change,  over  spaces  more  than  1000  miles  across,  while  the  change 
from  this  to  the  sands  and  muds  as  we  approach  the  coasts  is  sudden, 
and  the  changes  in  the  nature  of  the  shore  deposits  are  both  frequent 
and  rapid.  Yet  all  these  deposits  are  taking  place  contemporaneously, 
and  would,  if  the  bed  of  the  Atlantic  were  elevated  into  dry  land,  be 
almost  necessarily  grouped  together  under  one  name. 

In  the  great  Pacific  Ocean,  we  may  be  sure  that  deposits  are  taking 
place,  derived  from  the  waste  of  the  vast  number  of  coral  reefs,  having 
a constant  character  over  an  area  quite  as  wide  as  any  of  the  formations 
we  are  acquainted  with  on  dry  land.  This  great  fonuation  may  not  be 
absolutely  continuous  even  over  all  that  part  of  the  ocean  in  which  the 
coral  reefs  occiu- ; but  beds  of  precisely  identical  mineral  character,  and 
containing  almost  exactly  the  same  organic  remains,  will  be  spread  over 
large  areas  round  several  central  points,  where  they  will  i)robably  be 
thickest,  and  from  which  they  will  thin  out  in  every  direction.  Some 
of  these  areas  of  deposition  of  limestone  may  perhaps  overlap  each  other, 
while  others  will  be  separated  by  clear  spaces  of  sea  bottom,  where 
probably  no  deixisition  is  taking  place,  or  by  other  sea  bottoms,  where 
se<liment  is  deposited  of  altogether  a different  character  from  that  derived 
from  the  coral  reefs.  All  the  great  rivers  of  Eastern  Asia,  for  instance. 
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such  as  the  Hoang-ho  and  Yang-tse-ki-ang,  which  pour  their  turbid 
waters  primarily  into  the  Yellow  Sea,  and  the  great  river  Amour,  which 
falh  into  the  sea  of  Okotsk,  as  well  as  those  of  California  and  the  north- 
west coast  of  America,  carry  down  earthy  materials  into  the  Pacific  of  a 
totally  different  character  from  the  coral-reef  detritus  ; and  some  of  this 
may  be  very  widely  spread,  and  form  large  deposits  on  both  sides  of 
the  Pacific.  If  we  could  suppose  fine  sediment  derived  from  tw’o  such 
different  sources  to  be  so  far  diffused  through  the  water  as  to  overlap, 
now  one  sort  thrown  down,  and  now  another,  with  an  occasional  admix- 
ture of  both,  we  should  have  exactly  the  conditions  necessary  for  such 
contemporaneous  formations  of  one  kind  of  rock  in  one  locality,  and 
another  kind  in  another  district,  with  intermediate  areas  affording 
alternations  of  the  two,  as  w'e  find  in  the  great  formations  composing 
the  existing  lands  of  the  globe. 

If  we  pass  from  the  great  Pacific  into  the  China  Sea  and  the  northern 
part  of  the  Indian  Ocean,  where  coral  islands  are  mingled  among  active 
volcanoes,  both  aerial  and  submarine,  and  into  w^hich  open  the  mouths 
of  vast  rivers,  draining  a great  continent,  we  know  of  no  variety  of  rock 
and  no  combination  of  mineral  matter  that  has  ever  been  observed  upon 
earth  that  we  should  not  feel  warranted  in  believing  to  be  possibly  in 
course  of  production  within  the  area.  All  these  different  kinds  of  rock 
would  be  of  contemporaneous  fonuation,  although  of  different  mineral 
character,  and  they  would  enclose  the  remains  of  many  animals  and 
plants  of  the  same  species  throughout,  or  of  species  so  nearly  allied  as 
to  shew  that  their  variations  depended  chiefly  on  the  geographical 
distribution  of  organic  beings  inhabiting  different  parts  of  the  globe  at 
the  same  time.  If  elevated  into  diy  land,  then,  they  w'ould,  by  the 
rule  now  followed  by  geologists,  be  grouped  together  as  one  “ forma- 
tion” under  some  one  common  designation. 
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JOI2IT8, 

Formation  of  Rock-hlocks. 

We  could  not  long  study  the  lamination  and  stratification  of  aqueous 
rocks,  and  observe  their  separation  by  those  planes  of  division,  which 
are  ob\’iously  the  result  of  distinctness  and  succession  in  the  acts  of 
deposition,  without  being  struck  by  the  occurrence  of  other  planes  of 
division,  which  cut  the  first  at  various  angles,  and  assist  them  in  divid- 
ing the  rocks  into  regular  or  irregular  blocks. 

We  should,  indeed,  very  soon  perceive  that  all  rocks,  stratified  or 
unstratified,  igneous,  aqueous,  and  metamorphic,  are  traversed  by 
numerous  planes  of  division  of  this  kind.  They  may  be  seen  in  any 
quarry,  or  in  any  natural  or  artificial  excavation  in  any  solid  rock, 
traversing  the  rock  in  various  directions,  and  separating  it  into  blocks 
of  correspondingly  various  shapes  and  sizes. 

These  divisional  planes  are  called  joints. 

Without  natural  joints  the  quarrying  of  stratified  rocks  w'ould  be 
veiy  difl&cult,  and  that  of  unstratified  rocks  almost  impossible.  If  beds 
of  sandstone  or  limestone  were  undivided  by  natural  joints,  each  block 
would  have  to  be  cut  or  split  by  artificial  means  on  every  side  from  the 
rest  of  the  bed  ; but  in  rocks,  such  as  granite  or  greenstone,  which 
have  no  beds,  the  blocks  would  not  only  have  to  be  cut  away  on  each 
side,  but  underneath  also.  It  would  obviously  be  a most  impracticable 
task  to  dig  out  a large  block  of  granite  from  the  midst  of  a solid  mass 
untraversed  by  any  natural  planes  of  division  of  any  kind. 

Cuboidal  or  Quadrangular  Joints. — For  the  production  of  natural 
blocks  of  rock  there  must  clearly  be,  at  leasts  two  sets  of  joints  in 
stratified,  and  three  sets  in  unstratified  rocks,  each  set  more  or  less 
nearly  at  right  angles  to  each  other.  (See  figs.  21  and  22). 

If  we  compare  a set  of  stratified  rocks  to  a pile  of  slices  of  bread, 
it  is  clear  that  to  divide  these  into  lumps,  we  must  cut  them  in  two 
ways,  lengthwise  and  across.  The  unstratified  rocks,  however,  would 
resemble  the  whole  loaf,  which  we  must  cut  at  least  in  three  directions 
in  order  to  divide  it  into  lumps,  fij^t  horizontally  into  slices,  and  then 
length\^dse  and  across. 
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In  addition  to  these  fewest  possible  sets  of  joints  in  the  two  kinds 
of  rock,  there  are  in  reality  others  in  various  and  irregular  directions  ; 
but  inasmuch  as  three  planes  of  seijaration  more  or  less  nearly  at  right 
angles  to  each  other  are  the  essential  conditions  for  the  separation  of 
rock  into  blocks,  and  as  three  equidistant  planes  at  right  angles  to  each 
other  would  form  cubes,  we  may  speak  of  joints  thus  foi-ming  quad- 
rangular blocks  as  cuhoidal  or  qxiadrangular  joints,  to  distinguish  them 
from  those  wliich  produce  prisms,  and  we  may  look  upon  three-cornered 
and  irregular  blocks  as  merely  portions  of  cuboidal  ones. 

Figure  21  is  a sketch  taken  by  Mr.  G.  V.  Du  Noyer,  in  a limestone 
quarry  near  Mallow  ; in  w'hich  the  parallel  lines,  nearly  horizontal  but 


Fig.  21. 


Joints  in  limestone.  Quair>’  near  Mallow,  county  Cork. 


inclining  gently  from  the  spectator,  are  the  planes  of  stratification, 
while  the  smooth  nearly  vertical  surfaces,  which  form  the  face  or  wall 
of  the  quarry  and  bound  the  projecting  comers  of  rock,  are  the  joint 
planes.  One  set  of  these  joints  runs  lengthwise  through  the  quarry, 
and  makes  the  successive  surfaces  on  which  the  light  falls  ; the  other  set 
fomis  the  dark  surfaces  which  are  at  right  angles  to  the  light  ones, 
and  other  joints  belonging  to  this  set  are  she>vn  by  the  nearly  vertical 
lines  which  are  seen  upon  those  light  surfaces,  those  lines  being  the 
edges  of  joint  planes. 

Figure  22  is  from  a sketch  taken  by  Mr.  Du  Noyer,  in  the  large 
granite  quarries  from  which  the  stone  to  form  Kingston  harbour  was 
extracted.  It  will  be  at  once  apparent  that  this  rock  exhibits  no 
regular  be<ls.  One  set  of  parallel  planes  of  division,  highly  inclined  to 
the  right,  seems  to  prevail  in  one  jjart  of  it,  and  another  set,  liighly 
inclined  to  the  left,  in  another  part.  These  might  at  first,  perhaps,  be 
in  each  case  hiken  for  planes  of  stratification,  and  the  pieces  of  rock 
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between  them  be  considered  to  be  beds.  They  are,  however,  merely 
two  seta  of  joints,  and  they  are  crossed  by  a third  set  producing  the 
shaded  faces  of  rock  which  front  the  spectator.  In  walking  about  the 


Fig.  22. 

Joints  in  granite.  Large  quarries  in  Killiney  Hill,  near  Dublin.— Q.  V.  D. 


quarry  each  of  these  three  sets  of  joints  becomes  most  conspicuous, 
according  to  the  point  of  view  which  may  be  taken  ; while  they  are 
sometimes  all  masked  or  obscured  by  a number  of  other  irregular 
joints  wliich  cut  the  mass  in  many  other  directions. 

Master  Joints. — There  is,  indeed,  in  all  ^rocks,  whether  a<iueous 
or  igneous,  a distinction  to  be  drawn  between  the  “ master  joints  ” or 
those  large  planes  of  di\’ision  which  run  regularly  parallel  to  each 
other  over  large  distances,  and  the  numerous  smaller  joints  which  often 
traverse  the  rock  in  all  directions,  and  sometimes  separate  it  into  inde- 
finitely small  angular  fragments.  This  distinction  is,  however,  one 
which  it  is  often  difficult  to  point  out,  since  there  are  many  joints  of 
intermediate  character. 

Sometimes,  indeed,  in  aqueous  rocks  the  joints  are  so  numerous,  and 
cut  the  rocks  in  so  many  directions,  that  the  original  planes  of  strati- 
fication are  altogether  obscured  by  them,  and  it  is  impossible  to  say, 
among  the  numerous  planes  of  division,  which  are  those  of  the  original 
separation  between  the  beds,  and  which  are  those  of  subsequent  origin. 

There  are  cases,  on  the  other  hand,  of  joints  a few  feet  apart  cutting 
in  parallel  lines  through  whole  mountain  masses,  the  space  between 
two  nearly  adjacent  joints  being  eroded  into  a deep  fissure,  so  as  to 
produce  a more  marked  featirre  in  the  hills  than  their  planes  of  strati- 
fication. Such  remarkable  joints  are  very  strikingly  exhibited  in  the 
mountain  groimd  between  Bantry  and  Kenmare  bays,  in  the  south-west 
of  Ireland. 

K 2 
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There  must  in  some  cases  either  he  great  width  between  the  planes 
of  one  particular  set  of  joints,  or  one  set  must  be  more  or  less  com- 
pletely absent,  so  that,  in  one  direction,  the  rock  is  unbroken  for  con- 
siderable distances.  Tliis  must  be  the  case  wdth  the  rocks  from  which 
the  great  monolithic  pillars  were  extracted  in  the  old  Egj^ptian  and 
other  quarries. 

I have  myself  observed  on  the  shores  of  Newfoundland  large  ex- 
posures of  granite,  in  which  only  one  set  of  perpendicular  joints  was 
apparent,  and  those  having  a width  of  several  yards  between  them,  and 
running  parallel  for  considerable  distances.  It  appeared  as  if  thick 
monoliths  of  almost  any  length  might  have  been  procured  there. 

While  the  surfaces  of  a block  formed  by  the  joints  always  approxi- 
mate to  planes  wdien  viewed  on  the  large  scale,  they  are  nevertheless 
sometimes  very  uneven,  and  sometimes  even  curved.  I have  observed 
in  a limestone  quariy  near  Foynes,  a master  joint  that  formed  a surface 
as  much  ciin-ed  as  the  side  of  a ship,  only  waving  backwards  and  for- 
wards in  length,  so  as  to  curve  now  on  the  one  side  and  now  on  the 
other  of  the  perpendicular. 

Open  or  close  Joints. — Joints  are  generally  close,  regular,  and 
symmetrical,  in  proportion  to  the  finene.ss  of  the  grain  and  the  com- 
pactness of  the  rock,  being  most  irregular  and  uneven  in  coarse  sandstones 
and  conglomerates.  The  pow'er  of  the  force  which  produces  them  is, 
however,  well  shewn  in  hard  and  well  consolidated  conglomerates, 
since  the  hardest  pebbles  of  pure  white  quartz  are  often  cut  as  clean 
through  by  the  joints  as  the  compacted  sand  in  w’hich  they  lie.  In 
sandstones,  joints  are  frequently  oj)en  ; in  shales,  they  are  closer,  but 
more  smooth  and  regular,  being  frequently  perfect  planes,  wdth  the 
sides  of  the  blocks  fitting  close  together.  In  limestones,  there  are  both 
close  and  open  joints  ; but  the  open  joints  have  frequently  been 
w'idened  by  the  action  of  water  percolating  through  them,  and  dissolving 
a portion  of  the  rock.  Great  fissures  are  sometimes  formed  in  tliis  w'ay  ; 
and  this  has  doubtless  been  the  origin  of  many  of  the  caverns  which  occur 
so  abundantly  in  limestone  rocks.  In  highly  argillaceous  limestones, 
however,  the  joints  are  often  beautifully  smooth,  regular,  and  close. 

Successive  forynation  of  Joints. — In  stratified  rocks,  it  often  seems 
as  if  each  bed  had  a system  of  joints  formed  before  the  other  was 
deposited  upon  it,  inasmuch  as  the  joints  fonned  in  one  do  not  penetrate 
the  other.  Tliere  are,  however,  always  other  joints  common  to  a whole 
set  of  beds,  and  produced  apparently  in  the  whole  simultaneously.  It 
is  not  uncommon  for  joints,  in  passing  from  one  bed  to  another,  to 
shift  a little,  or  slightly  change  their  angle.  In  such  cases  it  may  be 
doubtful  whether  a joint  previously  fomied  in  the  one  bed  may  not 
have  given  rise  to  the  formation,  or  at  least  have  modified  the  position, 
of  tlie  other,  in  the  bed  above. 
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Joints  in  Burrsn,  County  Clare. — No  country  in  the  world,  perhaps, 
affords  e<[ual  facilities  for  studying  cuhoidal  joints  with  the  barony  of 
Burren,  in  the  northern  part  of  the  county  of  Clare.  Hills  of  lime* 
stone  rise  more  than  1000  feet  above  the  sea,  with  the  be<bi  almost 
horizontal,  the  summits  of  the  hills  and  the  terraces  that  sweep  i\)und 
their  sides  shewing  broad  floors  of  bare  rock  over  the  whole  country, 
Tlie  joints,  which  are  very  numerous  and  very  regular,  have  been 
widened  by  the  rain,  so  as  to  form  superficial  creWces,  sometimes 
several  inches  in  width  and  several  feet  in  depth.  Tlie  floors  of  lime- 
stone are  cut  by  them  into  a number  of  sej>arate  block.s  of  (juadningular 
and  triangular  forms.  Mr.  Foot,  of  the  Geological  Survey,  with  whom 
I lately  visited  the  district,  pointed  out  to  me  that  there  were  three 
distinct  sets  of  joints  besides  other  irregular  ones.  By  far  the  most 
regular,  persistent,  and  frequently  occurring  of  these  were  planes 
running  about  N.  5°  or  10®  E.  Tliese  were  crossed  by  joints  running 
about  N.  30®  or  35®  K,  producing  very  curious  sharply- angular  vertiail 
wedges  of  limestone  between  the  two.  Nearly  at  right  angles  to  the 
plane  which  would  bisect  the  angle  between  these  two,  that  is,  about  E 
20®  or  25®  N.,  w'as  another  very  frequently  occurring  set  of  joints,  but 
these  were  much  more  interrupted  and  discontinuous  than  those  of 
the  first^mentioned  sets.  Many  others  cut  obliquely  across  all,  very 
irregularly  and  uncertainly. 

I observed,  with  respect  to  the  first-mentioned  set,  that  sometimes 
the  neighbourhood  of  one  joint  plane,  or  the  space  between  two  if  they 
happened  to  be  w’ithm  a yard  or  so  of  each  other,  exliibited  a number 
of  closely  a<ljacent  minor  parallel  joints  not  more  than  an  inch  or  so 
apart,  splitting  the  beds  across  into  vertical  slabs.  It  is  probably  to 
the  production  of  these  minor  joints,  which  almost  approximate  to 
“ cleavage  ” in  their  mode  of  occurrence,  that  the  long  parallel  crevices 
are  due  w'hich  were  mentioned  just  now,  as  remarkable  about  Bantiy' 
Bay.  and  other  places,  the  slabs  having  been  weathered  out. 

In  one  place,  a few  miles  south-east  of  Ballyvaghan,  the  gently  undula- 
ting surface  of  a bed  was  exposed  over  an  area  half  a mile  "wide,  which  was 
traversed  by  long  regular  vertical  joints  running  at  various  angles  from  N. 
4®  W.  to  N.  7®  E.,  cutting  each  other  at  angles  sometimes  of  not  more 
than  3®,  and  running  in  straight  lines  for  several  hundred  yards. 

These  joints  were  crossed  by  others  running  nearly  east  and  west, 
not  in  straight,  but  in  regularly  gently-curved  serpentine  lines.  Tlie 
straight  north  and  south  joints  sometimes  stopped  suddenly  at  one  of 
these  cross  joints,  and  then  set  on  again  after  an  interval  of  a few 
yards  in  the  same  line.  The  union  of  square,  shaqdy  triangular,  and 
curved-sided  blocks,  with  deep  fi.ssures  between  them,  the  surfaces  and 
edges  of  the  blocks  being  curiously  rounded  and  channelled  by  the  rain 
into  ornamental  fret  work,  as  if  the  white  limestone  were  ice  rapidly 
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melting,  produced  a most  singular  scene,  to  which  beauty  was  added  by 
the  magnificent  ferus  and  other  plants  growing  in  the  crevices  of  the 
joints,  which  seemed  to  act  as  natural  conservatories  to  protect  the 
vegetation  from  rough  weather. 

FacCy  Sidney  or  Cleat  in  Coal. — Beds  of  coal  exhibit  not  only 
large  distant  joints,  like  all  other  rocks,  but  a more  minute  structure 
dividing  the  mass  of  the  coal  into  small  cuboidal  lumps.  This  structure 
may  be  observed  in  any  lump  of  coal  taken  from  the  coal  hod. 

The  coal  splits  most  easily  and  readily  along  the  lines  of  lamination 
or  stratification,  or  “ with  the  grain,”  as  it  would  be  commonly  expressed. 
The  surfaces  thus  exposed  on  the  tops  and  bottoms  of  the  limips  are 
generally  dull  and  earthy,  and  readily  soil  the  fingers.  At  right  angles 
to  these  surfaces  others  may  be  observed  which  are  generally  bright 
and  shining,  and  if  the  coal  be  freshly  broken,  these  surfaces  soil  the 
fingers  much  less  than  those  on  the  top  and  bottom  of  the  lump.  The 
bright  surfaces  which  cut  vertically  across  the  grain  or  bedding  of  the 
coal  are  genendly  at  right  angles  to  each  other,  so  as  to  make  a number 
of  sfiuare  comers,  and  one  set  of  them  is  usually  more  legular  and  per- 
sistent than  the  other,  making  large  smooth  sides  to  the  lump,  while  the 
other  sides  are  more  jagged  and  rough. 

K the  student  will  place  a good  sized  clean  lump  of  coal  on  the 
table  before  him,  with  the  lamination  horizonUd  or  slightly  inclined,  he 
will  have  its  whole  structure  clearly  exhibited,  and  an  excellent  model 
before  him  for  the  exhil>ition  of  stratification  and  joints. 

He  >vill  see  that  there  is  one  set  of  smooth  vertical  surfaces  along 
which  there  occur  the  cleanest,  largest,  and  most  even  sides  to  the 
block,  the  vertical  surfaces  at  right  angles  to  that  set  being  shorter, 
rougher,  and  more  irregular.  The  first  large  smooth  vertical  surfaces 
are  known  by  the  name  of  “ the  face,”  “ the  slyne,”  or  “ the  cleat  ” 
of  the  coal  in  different  districts — the  more  iutemipted  set  being  spoken 
of  sometimes  as  “ the  end  ” of  the  coal. 

The  “ face  ” of  the  coal  is  the  most  necessary  thing  to  attend  to  in 
la)ring  out  the  working  galleries  or  gate-roads  of  a coal-mine,  since  it 
retains  its  parallelism  over  very  laige  * areas,  and  the  main  galleries 
must  necessarily  be  driven  along  it,  while  the  cross  galleries  run  along 
the  “ end  ” of  the  coal.  To  attempt  to  cut  galleries  across  that  ilirec- 
tion  in  which  the  coal  will  naturally  split  into  blocks,  would  obviously 
be  a much  more  diflicult  and  expensive  task  than  to  take  advantage  of 
this  structure. 

* In  inquiring  of  a collier  in  the  Nottinglianifihire  coal-fleld,  in  the  year  1888,  as  to  the 
direction  of  “ the  slyno  ” (as  the  face  is  tliere  called),  I was  informed  that  it  *'  faced  two 
o’ch>ck  sun,  like  os  it  does  all  over  the  world,  as  ever  I hecrwl  on,”  by  which  I understood 
that  the  sun  would  shine  directly  upon  it  at  two  o’clock  in  the  aftemoou  in  an  open  work, 
or  that  the  planes  ran  about  W.N.W,  and  E.S.E.,  and  were  persistent  in  their  direction  in 
all  niy  infonnaut’s  district  at  all  events. 
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Sometimes  the  “ face”  of  the  coal  suddenly  changes  its  direction,  and 
I have  been  assured  by  Mr.  Peace  jun.  of  Wigan,  that  this  is  especially  the 
case  on  opposite  sides  of  a large  fault.  In  some  cases  this  occurs  even 
in  the  same  colliery,  as  at  the  Haigh  CoUierj',  near  Wigan,  in  which  the 
face  of  the  coal  at  one  part  runs  in  a direction  20®  or  30®  different  from 
that  in  another,  involving  a similar  obliquity  in  the  “ gate  roads,”* 

Professor  Phillips,  in  his  Report  on  Cleavage,  presented  to  the  British 
Association  for  1856  (p.  395),  says  that  in  the  whole  of  the  north  of 
England  coal-fields  the  strike  of  the  cleat,  or  face,  is  about  north-west 
and  south-east,  whatever  may  be  the  strike  or  dip  of  the  beds. 

I believe  it  to  be  a true  “joint”  structure,  carried  out  more  com- 
pletely and  minutely  through  the  mass  of  the  coal  than  through  most 
other  rocks,  as  we  might  expect  in  one  of  such  a fine  grain,  light  specific 
gravity,  and  homogeneous  substance  as  coal,  and  one  that  has  been 
subject  to  so  much  contraction  as  it  passed  from  a mere  mass  of  vegetable 
matter  into  the  consistence  of  a rock.  It  is  seen  sometimes,  however, 
in  clay-slate,  though  n6t  so  minutely  or  jjerfectly  carried  out  as  in  coal. 

Art  of  Quarrying. — Just  as  this  jointed  structure  in  coal  must  be 
attended  to  in  the  process  of  cutting  and  extracting  the  coal,  so  the  larger 
joints  must  be  foUowed  in  quarrying  stone.  The  shape  of  a quarry  will 
depend  altogether  on  the  direction  of  the  master  joints  which  traverse  the 
stone.  One  set  of  these  joints  will  form  what  is  called  the  “ face”  or 
**  back”  of  the  quarry,  or  the  boundary  wall  towards  wliich  the  men  are  at 
any  time  working,  while  the  other  set  of  joints  at  right  angles  to  these 
are  those  along  w'hich  they  work,  and  these  are  called  the  “ ends,”  or 
sometimes  the  “cutters”  of  the  stone.  The  terms  seem  often  to  be 
use<l  rather  vaguely  by  quarrymen,  just  as  they  use  the  term  “ bed”  or 
“ floor”  to  signify  sometimes  a true  bed  surface,  sometimes  merely  a 
surface  formed  by  a horizontal  joint.  Whatever  may  be  the  terms  used, 
however,  it  is  clear  that  the  w’hole  art  of  quarrying  consists  in  taking 
advantage  of  the  natural  division  of  rock  by  joints  and  planes  of  lamina- 
tion and  stratification,  where  the  latter  exist  There  is  no  quarry,  or 
road-cutting,  or  excavation  whatever,  in  which  these  natural  separations 
of  the  rock  into  blocks  are  not  used  either  consciously  or  unconsciously. 

Prismatic  Joints. — The  joints  hitherto  spoken  of  produce  blocks 
which  are  more  or  less  cuboidal  in  shape.  In  some  rocks,  how’cver, 
the  jointed  structure  has  a tendency  to  produce  long  jwlygonal 
prisms,  often  resembling  dry  storch  in  their  irregular  and  wrinkled 
sides.  This  prismatic  jointing  is  most  frequently  exhibited  in  igneous 
rocks,  such  as  the  Doleritic  lavas  and  the  Traps,  being  especially 
characteristic  of  Basalt,  but  occurring  sometimes  almost  as  perfectly  in 

* In  the  Wigan  district  the  “ gate  roads”  arc  called  “ brows,”  and  are  siwken  of  as  np- 
brows"  and  “ downbrows,"  acconling  as  they  rise  or  decline  from  the  “ levels.”  The  shorter 
passages  which  connect  these  brows”  are  called  “ drifts.” 
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Greenstone  and  Felstone.  There  is  even  sometimes  an  approximation 
to  it  in  Granite,  for  the  possibility  of  procuring  long  monoliths  is  the 
result  of  a more  or  less  prismatic  arrangement  in  the  joints. 

It  is  also  observable  in  sandstones  and  clays  that  have  been  acted 
on  by  great  heat,  either  naturally  or  artificially. 

It  may  be  seen  on  the  small  scale  produced  in  the  inside  of  iron- 
stone balls  and  septarian  concretions,  and  is  occasionally,  though  rarely, 
observable  in  purely  aqueous  rocks. 

I observed,  in  the  year  1855,  a very  perfect  example  of  this  pris- 
matic jointing  in  the  gypsum  quarries  of  Chaumont,  near  Montmartre, 
Paris. 

Two  beds,  each  six  or  eight  feet  thick,  of  crystalline  granular  gyp- 
sum, occur  there,  interstratified  with  the  freshwater  marls  and  lime- 
stones, and  each  of  these 
was  affected  by  a prismatic 
jointing,  while  in  the  soft  ■ 
beds  in  which  they  lay, 
few  or  no  joints  were  ob- 
servable. 

The  prisms  were  pretty 
regularly  triangular  and 
hexagonal,  as  in  Fig.  23. 

The  prisms  seemed  to 
have,  been  produced  by 
the  intersection  of  tliree 
sets  of  vertical  equidistant 
planes  crossing  each  other 
at  angles  of  60°.  If  three 
such  sets  of  planes  inter- 
sect each  other  in  the 
same  points,  triangular 
figures  only  could  be  pro- 
duced ; but  if  the  planes 
be  so  arranged  as  that  no 
more  than  two  should  ever 
intersect  at  the  same 
point,  and  that  each  point  of  intersection  be  exactly  equidistant  from 
the  planes  of  the  third  set,  the  result  will  be  the  protluction  of  a series 
of  regular  hexagons  and  triangles,  as  shewn  in  the  figure. 

Columnar  basalt  is  a familiar  example  of  this  prismatic  jointing. 
Basalt  occurs  sometimes  in  thick  horizontal  beds,  the  columns  in  that 
case  being  vertical,  sometimes  in  highly  inclined  or  vertical  dykes,  in 
which  case  the  columns  are  nearly  or  quite  horizontal.  In  each  case 
the  columns  are  at  right  angles  to  the  surfaces  of  the  mass,  where  the 


Fig.  23. 

Joints  in  beds  of  granular  gj  psum  (Chaumont,  near 
Paris). 
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cooling  and  consequent  consolidation  would  necessarily  commence,  and 
appear  to  have  struck  thence  into  the  interior. 

It  is  often  observable  that  in  dykes  the  columns  are  separated  in 
the  middle,  and  do  not  fit  each  other,  as  if  each  set  had  originated  at 
the  side  of  the  dyke,  and  struck  towards  the  centre,  where  they  met, 
but  did  not  coalesce,  os  in  fig.  24. 

In  some  cases,  the 
columns  are  more  or  less 
unbroken  for  many  feet, 
a few  cross  joints. only 
occurring  at  irregular 
intervals.  This  is  espe- 
cially the  case  in  pris- 
matic fcl  stones. 

Articulated  Columns 
in  Basalt^  and  other 
Igneous  Rocks. — In  other 
cases,  however,  especially 
in  the  most  perfectly 
columnar  basalts,  the 
columns  are  articulated, 
each  prism  being  sepa- 
rated into  vertebrae,  with 
a cup  and  ball  socket 
occasionally  developed  on 
their  upper  or  lower  sur- 
faces. 

The  origin  of  this  articulated  cup  and  ball  structure  is  explained 
by  the  observ’ations  of  Mr.  Gregory  Watt.  If  a mass  of  basalt  be  melted 
in  a fumace>  and  allowed  to  cool  again,  the  following  results  may  be 
observed.  If  a small  part  be  removed  and  allowed  to  cool  quickly,  a 
kind  of  slag-like  glass  is  obtained,  not  differing  in  a]>pearance  ^m 
obsidian.  If  it  cool  in  laiger  mass  and  more  slowly,  it  returns  to  its 
original  stony  state.  During  this  process  small  globules  make  their  ap- 
pearance, which,  very  small  at  first,  increase  by  the  successive  formation 
of  external  concentric  coats,  like  those  of  an  onion,  and  the  simul- 
taneous obliteration  of  the  previously  formed  internal  coats,  so  that 
ultimately  a number  of  solid  balls  are  formed,  each  enveloped  in  several 
concentric  coats.  As  these  balls  increase  in  size,  their  external  coats  at 
length  touch,  and  then  mutually  compress  each  other.  Now,  in  a layer 
of  equal  sized  balls,  each  ball  is  touched  by  exactly  six  others  (see  fig. 
25),  and  if  these  be  then  squeezed  together  by  an  equal  force  acting  in 
every  direction,  every  ball  will  be  squeezed  into  a regular  hexagon. 
But  the  same  result  will  foUow  from  an  equal  expansive  force  acting 


Fig.  24. 

Dyke  of  columnar  basalt,  the  colmnns  not  continoous 

across. 
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from  the  centre  of  each  ball,  or  from  the  tendency  to  indefinite  enlarge- 
ment in  their  concentric  coats.  Each  spheroidal  mass,  therefore,  will 
be  converted  into  a short  hexagonal  pillar.  But  if  there  are  many 

piles  of  balls  one  above 
another,  each  ball  resting 
directly  and  centrically 
on  the  one  below  it,  we 
should  have  a long  column 
of  these  hexagonal  joints, 
and  the  top  and  bottom 
of  each  joint  either  flat, 
concave,  or  convex,  ac- 
cording to  variations  in 
the  amount  and  direction 
of  the  pressure  at  the 
ends  of  the  columns. 

Tliere  is  no  apparent 
reason  why,  in  a cooling 
mass  of  basalt,  the  balls  should  be  so  arranged  as  that  their  centres 
should  be  in  straight  lines,  and  that  the  hexagonal  vertebra)  should  form 
straight  continuous  pillars  rather  than  separate  discontinuous  pave- 
ments. Tliis,  however,  is  probably  the  result  of  the  simultaneous  ten- 
dency in  the  mass  to  split  into  prisms  in  consequence  of  the  joint- 
forming  action,  the  two  tendencies  acting  together  to  produce  the  long 
columns  with  the  short  ball  and  socket  articulations. 

In  the  ca.se  of  curved  columns,  it  is  probable  that  the  accidental 
arrangement  of  the  centres  of  the  balls  overpowered  the  tendency  to 
produce  straight  prismatic  joints.  Many  other  irregularities  may  fre- 
quently be  obser\’ed  resulting  from  the  unequal  action  of  one  or  the 
other  tendency,  and  from  the  centres  of  the  balls  losing  irregularly 
distributed  through  the  mass,  since  there  are  not  only  cur^'ed,  but 
obliq\ie  and  radiating  columns,  not  only  hexagonal,  but  pentagonal, 
triangular,  and  other  irregular  shapes,  and  in  some  instances  small 
uncompressed  or  nearly  imcompressed  balls,  may  be  found  in  the 
interstices  between  unequal  and  irregular  columns. 

The  pillars  of  basalt  are  usually  from  6 to  1 8 inches  in  diameter, 
and  vary  in  length  from  5 or  6 to  100  or  150  feet.  Columnar 
greenstone  is  commonly  on  a larger  scale,  the  pillars  being  some- 
times 5 or  6 or  even  8 feet  in  diameter,  and  the  columnar  form  of 
the  rock  is  often  only  to  be  perceived  at  a distance.  Almost  all  green- 
stone exhibits  the  tendency  to  decompose  into  rounded  spheroidal 
blocks,  on  which  we  have  just  seen  the  columnar  structure  partly  to 
depend.  Felstone  is  sometimes  also  beautifully  columnar,  of  which  an 
admirable  example  may  be  seen  in  a small  pass  to  the  southward  of 
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Lough  Gitane,  near  Killamey. — (See  papers  by  Messrs.  Du  Koyer  aiul 
Foot  in  the  Journal  of  the  Oeoloyical  Society  of  J}ubluif  1856,  and 
Explanation  of  sheet  184  of  the  maps  of  the  Geological  Surrey^  Ireland.) 
Neither  is  tliis  tendency  confined  to  basalt,  greenstone,  and  felstOne, 
since  it  is  sometimes  perceptible  even  in  granite,  producing  in  that 
rock  the  “ logging  stonCvS,”  or  “ rocking  stones,”  the  “ cheese  wrings,” 
the  “ torrs,”  as  well  as  the  the  “ pots  and  pans,”  and  “ siicrihcial  basins,” 
an<l  other  curious  natural  forms  occurring  in  that  rock,  of  which  many 
have  been  attributed  to  ancient  artificial  processes. 

Cause  of  Joint  Structure. — In  seeking  for  a cause  for  the  pro- 
duction of  joints  in  rocks,  the  first  and  most  obvioiLs  one  that  occurs  to 
us  is,  that  they  are  the  natural  result  of  the  contraction  in  the  mass  of 
the  rock  during  its  consolidation. 

Mud  or  clay  cracks  in  drying,  molten  rock  cracks  and  shrinks  in 
cooling.  One  of  the  chief  difficulties  exj)erienced  in  large  castings 
either  of  molten  metal  or  in  plaister  casts  is  to  guaixl  against  the 
formation  of  cracks,  and  this  difficulty  increases  with  the  bulk  of  the 
material. 

It  has  l>een  several  times  attempted  to  turn  to  account  the  “slags” 
derived  from  iron  furnaces  by  allowing  them  to  nin  into  moulds. 
An  attem])t  was  once  made  in  South  Staffordsliire  to  run  them  into 
moulds  of  the  size  of  large  building-stones,  and  I have  seen  a large  wall 
made  of  the.se  molten  blocks.  The  attempt,  however,  was  abandoned, 
l)ecau.se  after  a short  time  the  blocks  cnimbled  into-small  cuboidal  frag- 
ments, in  consequence  of  the  numerous  minute  concealed  “joints”  tlud 
traversed  them. 

In  examining  the  newdy  foimed  beds  of  stone  in  the  small  islands 
upon  coral  reefs,  I always  found  them  divided  by  joints  like  other 
rocks.  The  consolidation  of  this  stone  w’as  obviously  due  to  the  action 
of  rain-W'ater  dissolving  part  of  the  carbonate  of  lime  and  redei^siting 
it  as  a cement,  so  as  to  bind  together  the  previously  incoherent  coml 
sand  ; for  the  stone  generally  rested  on,  and  was  surrounded  by,  coral 
sand  still  incoherent.  Among  the  coral  islands  on  the  north-east  coast 
of  Australia  I often  observed  several  beds  of  stone  resting  on  each  other, 
each  more  than  a foot  thick,  inclined  at  an  angle  of  8“  or  1 O'* ; that  is 
to  say,  at  the  same  angle  as  the  slope  of  the  beach  or  bank  of  sand  on 
which  they  restetl.  They  had  to  all  appearance  been  formed,  that  i.s 
consoli(late<l,  in  this  j^osition.  The  joints  w'hich  travei'sed  them, 
although  often  uneven  and  jagged,  ran  in  straight  parallel  lines  over 
spaces  sometimes  of  200  yards,  or  as  far  as  they  could  be  seen,  their 
planes  being  generally  at  right  angles  to  those  of  the  beds,  one  set  of 
joints  running  along  the  greatest  linear  extension  of  the  mass  (“strike” 
joints),  and  the  other  set  directly  across  the  fonner,  and  in  the  same 
direction  as  the  inclination  of  the  mass  (“  dip”  jpints). 
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Tlie  directions  of  these  two  sets  of  joints  seemed  to  depend  in  these 
cases  oil  the  directions  of  the  princijxil  houndiwj  surfaces  or  edges  of  the 
mass. 

I believe  it  is  impossible  that  any  kind  of  rock  in  large  masses 
should  pass  from  a fluid,  or  pasty,  or  soft  condition  into  a hanl,  firm, 
and  solid  state  without  the  production  of  a number  of  joints  running 
in  different  directions  through  the  mass. 

It  does  not  by  any  means  follow  that  all  the  joints  in  any  mass  of 
rock  should  be  foniied  at  any  one  time.  The  consolidation  of  the  mass 
may  take  place  slowly  and  gradually,  and  successive  sets  of  joints  be 
produced  in  it  at  different  times  during  that  process.  A rock  moreover 
may  be,  at  some  subsequent  jieriod,  jdaced  imder  circumstances  calculated 
to  produce  a greater  degree  of  consolidation,  and  a fresh  set  of  joints 
may  be  produced  in  it  from  that  cause. 

Neither  does  it  follow  that  contraction  on  con.solidation  is  the  onlv 
agent  tliat  am  produce  joints,  since  they  may  possibly  be  formed  in  a 
mass  of  rock  that  is  in  a state  of  tension  finm  a meclianically  expand- 
ing force. 

The  small  or  short  joints  confined  to  individual  beds  of  stratified 
rocks  may  have  been  those  first  fonned  on  the  original  consolidation  of 
the  one  bed  before  the  other  was  deposited  on  it,  those  j obits  being 
then  perhaps  quite  bnjierceptible  divisional  planes  'W'itli  no  interspace 
between  the  blocks.  Whole  sets  of  beds  may  liave  subsequently  been 
subject  to  one,  two,  or  more  actions  of  consolidation,  which  may  have 
produced  larger  joints  traversing  the  whole  mass.  Still  more  extensive 
joints  may  have  been  formed  subsequently  by  the  mechanical  agency  of 
the  upheaving  forces  actbig  on  the  cnist  of  the  globe.  Many  more 
numerous  joints  may  have  split  the  rocks  subsequently  into  smaller  and 
smaller  blocks  in  those  parts  where  the  rocks  have  been  subjected  to 
the  expanding  jwwer  of  heat,  and  the  consequent  contraction  on  its 
withdrawal,  as  is  sometimes  to  be  seen  in  the  aqueous  rocks  in  contact 
with  trap  dykes  or  other  igneous  mas.ses. 

It  w'ould  be  no  easy  task  now’  to  assign  to  each  particular  cause  the 
numerous  joints  w’hich  may  be  observ^ed  in  all  highly  indurated  and 
disturbed  rocks.  (See  papera  on  jointing  by  Professor  Harkness,  Journal 
(ieol.  Soc.  Lo)id.,  vol.  xv.  p.  37,  and  by  Rev.  Professor  Haughton,  Phil. 
Trans.,  vol.  148,  part  2.) 

Surface  Exhibition  of  Joints. — In  some  places  the  jointed  structure 
of  rocks  is  sufficiently  striking  to  attract  the  notice  even  of  ungeological 
obsen’ers.  In  Van  Diemen’s  Land,  at  a jilace  called  Eagle  Hawk  Neck, 
the  rock,  of  which  a large  surface  is  exposc*d  at  low-water,  is  so  regularly 
cut  by  joints  into  equal  cubes,  of  about  one  foot  in  the  side,  that  it  has 
become  a local  celebrity,  under  the  name  of  the  “ tesselated  pavement.” 

The  study  of  joints  and  the  other  divisional  idanes  of  rocks,  and  the 
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different  forms  assimied  by  them  in  consequence,  both  when  freshly 
exposed  and  when  modified  by  “ weathering,”  is  as  necessarj-  for  the 
landscape  painter  who  wishes  to  reproduce  nature,  as  is  the  study  of 
anatomy  to  the  figure  painter.  Mr.  Ruskin  has  handled  this  subject  in 
his  usual  masterly  style. 

Natural  Erosim  of  Rocks  in  consequence  of  Joints. — In  the  same 
way  that  the  jointetl  structure  of  rocks  facilitates  their  artificial  extrac- 
tion from  their  original  site  by  the  quarryman,  it  also  facilitates  their 
removal  by  natural  causes.  In  examining  cliffs,  we  may  frequently  be 
struck  by  the  way  in  which  a slight  undermining  action,  if  it  happen 
to  cut  back  to  a strong  vertiad  or  highly  inclined  joint,  has  caused  the 
ruin  of  vast  masses  of  rock.  Not  unfrequently,  too,  a long  strip  of  rock 
lying  between  two  well-marked  joints,  closer  than  usual  together,  and 
running  into  the  land  at  right  angles  to  the  coast,  has  been  entirely  cut 
out,  giving  access  to  the  washing  and  eroding  action  of  the  breakers 
deep  in  among  the  rocks  on  each  side  of  it. 

The  erosive  powers  of  water  in  general,  and  especially  of  breakei-s, 
act  not  so  much  in  pro]X)rtion  to  the  hardness  or  softness,  or  the  greiiter 
or  less  durability  of  the  material  of  which  large  masses  of  rock  are 
composed,  as  to  the  number  and  position  of  the  divisional  planes  of 
jointing  and  stratification  which  traverse  them.  A rock,  even  though 
very  hard,  such  as  quartz-rock  or  crystalline  limestone,  will  be  much 
more  easily  carried  away  by  breakers  or  other  moving  water,  if  it  be 
cut  up  by  many  open  joints  into  blocks  of  a convenient  size  and  shape, 
than  much  softer  and  more  yielding  rock,  if  it  be  massive,  and  either 
unjointed,  or  the  joints  be  few  and  far  between,  and  the  sides  of  the 
blocks  very  close  together,  so  as  not  to  admit  easily  of  the  access  of 
either  air  or  water. 

Instances  of  the  action  of  the  breakers  on  jointed  rocks  are  to  be 
seen  on  all  coasts.  Tlie  hard  rocks  of  the  w'estem  coast  of  Ireland  alford 
many  illustrative  examples  of  the  action  as  going  on  at  present,  their 
cliffs  and  rocky  islets  having  been  formed  by  this  action.  Mr.  \V. 
L.  Willson,  late  of  the  Geological  Survey  of  Ireland,  once  told  me  that 
in  the  far  part  of  the  promontory  between  Bantry  and  Dunmanus 
Bays,  he  met  with  dark  holes  in  the  fields  some  distance  back  from 
the  edge  of  the  cliffs,  looking  down  into  which  the  sea  might  be  dunly 
seen  washing  backwaixls  and  forwards  in  the  narrow  cavern  below. 

In  county  Kerry,  Bally  bunion  Head  is  completely  undermined  by 
caverns,  into  which  the  sea  enters  from  both  sides  ; and  in  the  county 
Clare,  in  the  promontory  north  of  the  Shannon,  which  terminates  in 
Loop  Head,  there  are  numerous  instances  of  the  sea  penetrating,  for 
some  distance,  beneath  land  one  or  two  hundred  feet  in  height,  by 
working  along  certain  joints  in  the  hard  grits  and  indurated  shales,  of 
which  the  hind  is  comixjsed. 
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At  higli-water,  and  during  gales  of  wind,  with  heavy  breakers  roll- 
ing in  upon  the  coast,  vast  volumes  of  w'ater  are  poured  suddenly  into 
these  nai’row  caverns,  and  rolling  on,  compress  the  air  at  their  farther 
end  into  every  joint  and  pore  of  the  rock  above,  and  then  suddenly 
recoding,  suck  both  tur  and  w'ater  back  agaui,  with  such  force  as 
now  and  then  to  loosen  some  part  of  the  roof.  Working  in  this  w'ay, 
the  sea  sometimes  gradually  fonns  a passage  for  itself  to  the  surface 
above,  and  if  that  be  not  too  lofty,  fonns  a blow-hole  ” or  “ puffing- 
hole,”  through  which  spouts  of  foam  and  spray  are  occasionally  ejected 
high  into  the  air. 

l^lr.  Marcus  Keane  shewed  me,  on  a late  visit  to  the  promontory  of 
Loop  Head,  considerable  blocks  of  rock  that  had  been  blowui  into  the 
air  on  the  formation  of  one  of  these  puffing-holes  within  his  own  recol- 
lection, and  pointed  out  large  holes  oj>ening  do>vn  into  cavernous  guUies 
that  lead  from  one  cove  to  another,  behind  bold  heiuUands  of  even  a 
hundred  or  more  feet  in  height,  shewing  the  commencement  of  the 
])rocess  by  which  headlands  w'ere  converted  into  islands.  One  such 
s<iuare  ])recipitous  island,  which  was  now  at  least  tw’enty  yards  from 
the  mainland,  was  said  by  the  farmer  who  held  the  ground  to  have 
been  accessible  by  a twelve  foot  plank  when  he  w’as  a boy.  Blocks  of 
rock  five  feet  across  wx^re  pointed  out  that  had,  during  recent  storms, 
been  rolled  by  the  breakers,  from  among  rocks  tw’enty  feet  above  high- 
water  mark,  up  on  to  the  grass  full  twenty  feet  higher  and  twenty  yards  . 
fuilher  back. 

Tlie  wiiole  coast  of  Clare  is  a succession  of  precipitous  cliffs  w ith 
square  faces,  the  result  of  the  sea  acting  on  the  large  cuboidal  joints 
that  travei’sc  the  rocks.  The  celebrated  cliffs  of  Moher  in  that  county, 
that  rise  w itli  a perfectly  vertical  face  to  heights  of  more  than  600  feet, 
afford  magnificent  examples  of  the  joint  structure,  and  of  the  way  in 
which  the  ocean  hikes  advantage  of  it  to  cut  back  into  the  land,  how’- 
ever  lofty  or  how'ever  hard  and  unyielding  it  may  apparently  be. — (See 
Mr.  Foot’s  account  of  this  coast  in  Explanation  of  sheets  141  and  142 
of  the  Geological  Survey  of  Ireland) 
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MOVEMENTS  OF  DISTURBANCE  IN  THE  EARTH’s  CRUST. 

In  the  two  preceding  chapters  we  have  examined  the  facts  connected 
with  the  deposition  of  rock  under  water,  and  those  consecpient  on  the 
consolidation  of  aqueous  or  igneous  rocks.  The  problem  that  naturally 
presents  itself  next  for  solution  is  that  of  the  elevation  of  rocks  foniied 
beneatli  the  sea,  and  their  aj)j)earance  as  dry  land.  Before  attempting 
U>  describe  the  facts  connected  with  this  subject,  however,  it  ^vill  be 
well,  first  of  all,  to  glance  over  what  is  knoum  respecting  the  general 
constitution  of  the  earth. 

Fot'm  of  the  Earth. — ^The  earth  is  an  oblate  spheroid,  the  polar 
diameter  being  7899.60  statute  miles,  and  the  ecpiatorial,  7926.05,* 
or  26^  miles  longer.  The  equatorial  radius,  therefore,  is  about  13^ 
statute  miles  longer  than  the  polar  radius,  or  in  round  nimibers  70,000 
feet.  If,  therefore,  we  imagine  a true  spliere  to  be  described  within  the 
earth,  the  radius  of  which  .shall  be  equal  to  the  polar  radius,  the  sur- 
fiice  of  that  spliere  will  coincide  with  the  actual  surface  of  the  earth 
only  about  the  poles,  but  will  sink  beneath  the  actual  surface,  as  we 
recede  from  the  jxiles,  graclually  and  reguhirly,  till  it  is  70,000  feet 
deep  under  the  equator  (see  fig.  26). 

Let  fig.  26  represent  a section  of  the  earth  through  the  poles  PP, 
ami  the  centre  c,  the  line  P P being  its  jiolar  diameter,  and  the  line 
EE  its  equatorial  diameter,  and  let  it  be  drawui  on  a scale  of  2600 
miles  to  the  inch.  Then  if  an  inner  circle  be  drawui  one-tenth  of  an  inch 
inside  P P,  that  will  represent  a depth  of  260  miles,  and  the  circle  P e P <? 
wdll  represent  the  circumference  of  the  supposed  internal  .sphere  drawn 
on  the  polar  radius  c P.  The  curved  outer  line  P E P E will  then  repre- 
sent tlie  actual  surface  of  the  earth  protuberant  beyond  this  internal 
sphere,  but  this  is  not  drawn  to  scale.  The  space  between  the  letters 
e E on  each  side  ought  to  be  only  space  betw’een  P and  the 

inner  circle,  whereas  it  is  drawn  noiirly  as  i,  since  a twentieth  of  that 
sj)ace  would  not  be  vi.sible  to  the  naked  eye.  Making  allowance  for 
tliis  necessary  distortion  the  figure  will  represent  the  surface  of  the 

• These  nuiiibcni  arc  those  <lcduce<l  by  M.  Bessel. — (Mrs.  Somerville's  Physical  Geography, 
4Ui  edition,  p.  5.) 
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earth  bulging  at  the  equator  1 miles  beyond  tlie  supposed  internal 
sphere,  and  a depth  of  260  miles  below  that  sphere. 

Tliis  equatorud  protuberance  may,  in  fact,  us  Professor  Henessey 
once  leinarked  to  me,  be  likened  to  a great  mountain  mass  resting  on 


Fig.  26. 

the  supposed  internal  sphere,  with  a base  equal  to  the  whole  surface  of 
that  sphere,  and  rising  to  a height  of  70,000  feet  above  it  under  the 
equator. 

The  upper  surface  of  the  sea,  or  sea-level,  will  form  the  true  mean 
or  symmetrical  surface  of  this  protuberant  shell.  Tlie  dry  land  rises 
irregularly  above  that  surface,  and  the  surface  of  the  bed  of  the  sea 
sinks  irregularly  below  it.  The  mass  of  the  dry  huid,  however,  is  so 
small  compared  with  the  bulk  of  this  protuberant  shell  as  to  be  quite 
insignificant,  even  when  we  take  into  account  such  a boss  as  the  table- 
land of  Tliibet,  with  a mean  height  of  10,000  or  12,000  feet,  and  a 
diameter  of  600  miles,  or  such  occasional  jnnnacles  as  the  Hiinnialayah 
Mountain.s,  of  which  the  loftiest,  Mount  Everest,  rises  29,000  feet 
above  the  sea-leveL 
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The  depths  of  the  ocean  are  doubtless  greater  than  the  heights  of 
the  land,  but  it  may  very  well  be  doubted  whether  much  of  the  surfiice 
of  its  bed,  except  in  the  Polar  regions,  sinks  below  the  protuberant 
shell  of  the  earth  down  to  the  surface  of  the  supj)osed  internal  sphere 
before  mentioned. 

The  irregularities  in  the  surface  of  the  earth  are  then  merely  irre- 
gularitUs  in  its  protuberant  shell,  and  they  are  largely  compensated  for 
by  all  their  lower  hollows  being  filled  up  with  water,  up  to  a height 
which  must  certainly  be  considerably  above  the  mean  level  of  these  irre- 
gularities. 

Stability  of  the  Earth's  axis. — This  protuberant  shell,  consisting  partly 
of  earth  and  partly  of  water,  provides  for  the  stability  of  the  earth’s 
axis  and  the  permanence  of  its  form.  The  actual  circimiference  of  the 
earth’s  ecjuator  is  about  eighty-three  miles  greater  than  that  of  the  cir- 
•umfereiice  of  the  true  sphere  enclosed  in  it,  and  its  movement  of  rota- 
tion is  correspondingly  more  rapid  than  that  of  the  surface  of  that 
sphere,  inasmuch  as  each  point  of  it  is  canied  round  that  greater  space 
in  the  same  j)eriod  of  time.  If,  therefore,  any  distiu’bing  action,  either 
internal  or  external,  tended  to  cause  the  earth  to  rotate  on  any  other 
axis  than  the  existing  one,  it  would  have  to  overcome  the  resistance  of 
the  greater  centrifugal  force  now  residing  in  the  equatorial  protuberance 
of  the  earth,  and  transfer  it  to  some  other  circumference.  It  seem.s 
difficult  to  imagine  any  cause  capable  of  this,  but  even  if  it  existed, 
unless  the  earth  immediately  adjusted  its  fonn  to  its  new  motion,  and 
transfen*ed  its  protubenince  to  the  new  er^uator,  the  disturbance  could 
only  be  temporary,  and  the  earth  would  immediately  begin  to  swing 
back,  so  as  to  rotate  upon  its  shoitest  diameter  as  an  axis,  and  its  largest 
circumference  as  an  equator. 

It  follows  fi*om  this  that  ever  since  the  earth  assumed  its  present 
form  of  an  oblate  spheroid,  the  position  of  its  axis  must  have  almost 
certainly  remained  within  it  unchanged,  and  the  points  on  its  surface  now 
occupied  by  the  north  and  south  poles  must  have  always  been  its  fK>les. 

Whether  the  present  axis  of  the  earth  always  j>ointed  to  the  same 
point  of  the  heavens  (making  allowance  of  course  for  merely  secular 
or  periodical  motions,  such  as  that  of  nutation,  or  that  on  which  the 
precession  of  the  equinoxes  depend.s),  or  whether  it  was  always  inclinetl 
23^®*  from  the  pole  of  its  orbit,  and  the  equator  coiTespondingly  inclined 

• Astronomers  inform  us  (see  Herschel's  Outlines  of  Astronomy,  chap,  xli.,  art.  flSO), 
that  the  obliquity  of  the  ecliptic  to  the  equator  is  now  diminishing  at  the  rate  of  48"  in 
a century,  but  that  after  the  diminution  lias  reached  a certain  point,  it  will  again  increase, 
the  amount  of  variation  in  their  angle  never  exceeding  1*  21'. 

If*the  ecliptic  were  actually  to  coincide  with  the  equator,  the  result  would  be  a great 
cliange  in  the  climate  of  the  earth,  since  there  would  be  continual  sunshine  at  the  {Kdes,  and 
for  a circle  of  00  or  70  miles  round  them,  no  darkness  greater  than  twilight  in  the  imyor 
part  of  the  arctic  and  antarctic  circles,  and  equal  day  and  night  all  over  the  rest  of  the  globe. 
(Letters  of  Col.  Sir  H.  James,  B.  E.,  Athenumm,  September  1800.) 
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to  the  ecliptic  is  altogether  another  (luestioii,  to  which  there  seems  to 
be  nothing  in  the  internal  constitution  or  external  form  of  the  earth, 
calcnlaUHl  to  give  an  answer. 

Infernal  Temperature  of  the  Earth. — It  is,  however,  veiy  remark- 
able, that  the  form  of  the  earth  as  alK)ve  described,  is  said  to  be  almost 
exactly  that  of  a splueroid  of  rotation  ; that  is  the  form  which  the  earth 
would  have  assumed  supi>osing  it  to  have  been  once  a fluid  or  pasty 
mass  revolving  with  its  present  velocity.  That  the  earth  has  this  fonu, 
ecrtainly  mises  a sti-ong  presumption  in  our  minds  that  it  was  once 
fluid  or  pasty. 

If  so,  is  it  more  likely  that  that  fluidity  or  semi-fluidity  w’as  a 
watery  or  an  igneous  one,  in  other  wonls,  were  the  materials  of  the 
earth  in  a state  of  solution,  or  a sUite  of  fusion  t 

The  answer  to  this  question  must  be  sought  in  an  inquiry  into  the 
condition  of  the  interior  of  the  earth  at  the  })resent  time.  If  the  whole 
earth  was  ever  in  a sUite  of  fusion,  are  “any  traces  or  remains  of  that 
«'ondition  to  be  now  discovered,  in  other  words,  what  is  the  proper 
temperature  of  the  interior  of  the  globe  ? We  may  arrive  at  some  con- 
clusions on  this  |)oint  fi-om  the  following  considerations. 

a.  The  phenomena  of  volciinoes  poiu’ing  out  molten  rock  on  all 
sides  of  the  glolje,  assure  us  that  large  parts  of  the  interior,  at  least,  are 
from  some  cause  or  other,  so  heated  as  to  render  the  materials  of  solid 
rock  j)erfectly  fluid.  Extinct  volcanoes  shew  us  that  this  was  the  case 
formerly  with  other  parts  of  the  globe,  where  the  action  is  not  now 
apparent. 

Other  masses  of  igneous  rock,  all  connected  with  actual  lavjis  by  a 
regular  chain  of  gi-iulation,  are  found  to  have  proceeded  from  the 
interior,  up  to,  or  towards  the  surface,  even  where  there  is  no  appear- 
ance now,  and  perha2)s  never  was  any,  of  actual  volcanic  cones  upon 
the  .surface. 

This  almo.st  univei-sal  ai>pcarance  at  tlie  surface  of  once  molten 
rock  proceeding  from  the  interior  of  the  earth,  convinces  us  that 
there  must  be  some  widely  spread  and  general  soiuce  of  heat  in  tliat 
direction. 

b.  As  a matter  of  direct  obsen-ation,  it  is  found  that  in  all  deep 
mines  the  temperature  of  the  rock  increases  as  we  descend,  at  the  rate 
of  1°  of  Fahronheit  for  every  50  or  60  feet  of  descent  after  the  fimt 
hundred.  This  is  the  case  in  every  part  of  the  globe,  and  in  all  kinds 
of  rock.  Numerous  observations  have  Ijeen  ma<le  with  all  j)o.ssible  pre- 
cautions agjiin.st  mi.stake,  and  though  the  rosults  varj*  in  amount,  they 
all  agi*ee  in  giving  an  increase  of  temiM^raturc.  A n*cent  case  is  men- 
tioned ill  Mr.  Hull’s  “ Coalfields  of  Great  Britain,”  where  an  abstract  is 
given  of  Mr.  Fairbaim’s  obwervations  on  the  tenqierature  of  the  deep 
coal  j)it  lately  sunk  at  Dukinfield,  near  Manchester.  At  a dejith  of 
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2151  feet,  tlie  temperature  is  constantly  75°  FiJirenheit,  while  the 
constant  temperature  at  a depth  of  1 7 feet,  was  only  51°  Fahrenheit 
Tliis  gives  an  increase  of  1°  Fahrenheit  for  every  89  feet  only,  or  less 
than  the  average. 

Deep  springs  also,  and  wells,  such  as  the  deep  Artesian  w'ell  of 
Crenelle  at  Paris,  are  always  found  to  have  a high  temperature.  At 
Crenelle,  the  water  brought  from  a dej)th  of  1798  feet  has  a constant 
temperature  of  81^.7  of  Fahrenheit,  while  the  memi  temperature  of  the 
air  in  the  cellar  of  the  Paris  Observatoiy  is  only  53°.  Very  accurate 
and  careful  obseiwations  have  lately  been  made  by  M.  Walferdin  on 
the  temperature  of  two  borings  at  Creuzot,  within  a mile  of  each  other, 
wjinmencing  at  a height  of  1030  feet  above  the  sea,  and  going  down  to 
a depth,  the  one  of  2678  feet,  the  other  about  1900  feet.  The  results, 
after  every  possible  precaution  had  been  taken  to  ensure  correctne.ss, 
gave  a lise  of  1°  Fahrenheit  for  every  55  feet,  down  to  a depth  of 
1800  feet,  beyond  which  the  rise  of  temperature  was  more  rapid, 
being  1°  Fahrenheit  for  every  44  feet  of  descent. — {Cosmos,  May  15, 
1857.) 

Hot  springs  are  usually  found  to  proceed  from  great  faults  or 
fissures  which  penetrate  deeply  into  the  crust  of  the  globe. 

c.  Experiments  fonnerly  matle  on  the  attraction  exercised  by  the 
moimtains  of  Schehallion  and  Mt  Oenis,  and  lately  on  the  deflection  of 
the  pluriib  line  at  Edinburgh,  as  calculated  by  the  Ordnance  Survey, 
under  Col.  Sir  H.  James  (Phil.  Trans.,  vol.  146,  p.  591),  as  well  as 
exj>eriments  udth  leaden  balls,  on  the  torsion  balance,  by  Cavendish  and 
Mitchell,  and  more  lately  by  Mr.  Btiily  (Somerville’s  Phys.  Geog.,  p.  6, 
note),  give  a sj>ecific  gravity  for  the  whole  earth,  vaiying  from  5 to  5.6. 
Recent  exj>eriments  on  the  difference  in  the  times  of  oscillation  of  a 
{xjndulum  at  the  bottom  and  toj)  of  a deep  coal  mine  at  Harton,  by  the 
Astronomer-Royid,  give  as  much  6.56  ft>r  the  mean  density  of  the 
earth  (Phil.  Trans.,  vol.  146,  p.  355.)  We  may  confidently  say,  there- 
fore, that  the  earth  has  a specific  gravity  of  about  5 or  6.  Now,  the 
sjKicific  gravity  of  giiinite  varie.s  from  2.6  to  2.9  ; that  of  basalt  is  about 
3.U ; that  of  rock  in  general  is  from  2.5  to  3.0.  Tlie  earth,  therefore, 
is  at  least  twice  as  heavy  <us  it  would  be  if  made  of  any  kno^vn  rock,  such 
as  that  rock  aj)peai*s  at  the  surface. 

The  pressure  of  gravity,  however,  would  render  any  such  rock,  as 
granite  for  instiuice,  much  more  than  twice  as  dense  as  it  Is  at  the 
surface,  long  before  it  reached  the  centra.  According  to  Leslie,  water 
would  be  as  heavy  as  mercurj'  at  a depth  of  362  miles,  air  as  heavy 
as  water  at  34  miles.  At  the  centre  of  the  globe,  steel  would  be 
compre.ssed  into  one-fourtli  of  the  dimensions  it  has  at  the  surface, 
and  most  stone  into  one-eighth,  if  the  law  of  compression  be  suppostnl 
to  be  uniform  from  the  surface  to  the  centre. 
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We  shoul<l  therefore  ex|)ect  that  the  whole  earth,  if  its  substance  be 
anythin"  like  homogeneous,  and  at  all  resembling  granite  for  instance 
in  constitution,  would  have  a much  greater  specific  gravity  than  5 or  6, 
if  it  were  not  for  some  exp.ausive  force  in  its  interior  counteracting  the 
pressure  resulting  from  gravitation.  We  know  of  no  such  force  except 
tliat  of  heat.*  (See  Ly ell’s  Principles,  chapters  32  and  33.) 

It  has  consecpiently  become  the  prevailing  opinion  of  scientific  men 
of  late  years,  that  the  earth  has  an  internal  temperature  of  its  own, 
altogether  indeiHJiident  of  any  heat  it  may  receive  from  the  sun  or  other 
extraneous  sources,  and  much  greater  than  the  temperature  of  the 
surrounding  space,  and  that  it  consists  of  a cool  enveloi>e  surn)unding  a 
highly  heated  interior. 

Question  as  to  Fluidity  of  central  jxirt  of  Globe. — If  we  could  sup- 
pose that  the  rate  of  increase  observed  in  mines  and  deep  welLs,  that  is 
to  say,  an  increase  of  1°  F.  for  every  60  feet  of  descent  or  thereabouts, 
were  to  be  continued  indefinitely  into  the  interior,  it  wouM  follow  that, 
at  a depth  of  10,000  feet  beneath  the  British  Islands,  all  water  would 
be  as  hot  its  boiling  w’ater  is  at  the  surface,  or  212°  F.  At  a depth  of 
al)out  20  miles,  the  temperature  of  all  parts  of  the  glol>e  would  l)e 
1760'’  F. ; and  at  50  miles,  would  l>e  4600°  F.  Now,  the  heat  of  a 
common  fire  is  calculated  at  1 140°  F. ; brass  melts  at  1860*  F. ; gold 
at  2016’  F. ; and  platinum  at  3080°  F. 

It  would  then  appear  that,  if  the  increase  of  teni|)erature  be  regular, 
all  substances  that  we  know'  at  the  surface  must  be  molten  at  a com- 
paratively slight  depth  ; at  about  one-fifth  of  that,  for  instance,  indi- 
cated by  the  biner  circle  in  fig.  26.  Tliis  fu.sion,  however,  does  not 
follow’  as  a necessary  consequence,  since  we  do  not  know  how  far  the 
influence  of  increased  preasure  may  operate  to  keep  matter  solid,  even 
w’hen  raised  to  temperatures  that  w’ould  be  more  than  sufficient  to  ren- 
der them  fluid  if  it  were  communicated  to  them  at  the  surface  of  the 
earth. 

Water  at  a height  of  1 2,000  feet  above  the  surface  (as  on  the  Peak 
of  Tenerifle)  cannot  be  matle  hotter  than  190'*  F.,  since  it  boils,  that  is, 
it  lx‘comes  steam,  at  that  temperature.  At  the  level  of  the  sea  it  requires 
to  be  raised  to  2 1 2°  F.  l>efore  it  ]>asses  into  steam  ; at  the  bottom  of  a 
deej)  mine  the  increased  pressure  of  the  atmosphere  would  keep  it  in 
the  liquid  state  up  to  214°  F.  or  higher  ; and  so  w’e  may  well  suppose, 
that  at  great  depths  w'ater  might  be  raised  to  500**  or  600°  F.,  perhaps, 
and  still  remain  water. 

• This  arKtiinent,  if  it  stood  alone,  would  not  perhaps  be  of  any  p-eat  value,  since  it  is 
oiKUi  to  anybody  to  deny  the  homogeneity  of  the  interior  of  the  earth,  and  to  suppose  that 
it  is  likely  to  contain  a larger  proportion  of  metal  in  the  interior  than  near  the  surface,  and 
that  it  may  be  a hollow  spha'roid-  The  fact  of  a high  inteninl  temperature,  however,  may 

bo  held  to  l>e  sufllcicntly  proved  by  the  two  preceding  arguments. 
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But  what  is  true  of  a liquid  passing  into  a vajx)ur,  is  also  true  of  a 
aolid  parsing  into  a liquid  state,  althou^di  less  is  known  of  the  relations 
l>etween  increase  of  tenqxirature  and  of  pressure  in  the  latter  case.  It 
seems  likely,  however,  not  only  that  the  melting  i)oints  of  solids  should 
be  largely  affected  by  variation-s  in  the  pressure  to  which  they  are  sub- 
jected, but  that  different  s»did  substances  should  be  affectetl  in  a different 
ratio.  If  this  be  the  awe,  it  will  follow  that  we  cannot  arrive  at  any 
definite  concliwion  as  to  the  thickness  of  the  solid  crust  of  the  globe 
from  the  consideration  of  the  internal  temperature  only  ; and  also  it 
follows,  that  at  .some  depth  there  must  be  a .>»tratum  of  very  high  tem- 
perature, which  is  neither  quite  solid  nor  tpiite  fluid,  but  pissing  from 
one  into  the  other  as  the  increase  of  temperatui'e  gradually  overcomes 
the  effect  of  pressure. 

Should  this  be  the  true  condition  of  the  interior  of  the  earth,  it 
may  well  be  that  the  eaith  may  have  a compinitively  thin  crast  over 
a completely  fluid  centre,  and  yet  that  there  shall  be  such  a gradation 
from  one  into  the  other,  that  the  fluid  nucleus  shall  not  move  freely 
within  the  solid  crust,  but  the  whole  n)tate  together  as  one  liody,  and 
hence,  that  the  fluitlity  of  its  interior  shall  have  no  eflect  on  the  rota- 
tion of  the  earth,  and  not  be  discoverable  by  any  astronomical  investi- 
gation. 

The  student  will  find  a more  complete  discus.sion  of  this  subject  in 
various  papers  by  Mr.  W.  Hopkins  of  Cambridge,  and  Professors 
Haughton  and  Hene.ssey  in  the  Philosopliical  Transactions,  and  the 
Tran.sactions  of  the  Royal  Irish  Academy. 

Exciting  causes  of  disturbing  action  on  Earth's  Crust. — If  the  idea 
of  an  intensely  heate<l,  more  or  less  fluid,  centn*,  with  a comparatively 
thin  cool  cnist,  be  a tnie  conc<q>tion  of  the  comlition  of  our  globe,  it  is 
obvious  that  we  have  an  abumlant  source  of  igneous  action  and  of 
mechanical  movement  in  different  jmrts  of  that  cru.st  fnmi  time  to  time, 
provided  we  can  admit  of  h)cal  exciting  caiwes  prcKlucing  an  occasional 
determination  of  the  internal  heat  towards  certain  sjMjts  or  lines  of  the 
surface. 

What  is  the  exact  nature  of  these  local  exciting  caiwes  Is  a question 
to  which  no  perfectly  satisfactory  answ’er  has  yet  been  given.  One  of 
them  may  perhaps  be,  as  supposed  by  Bi.schof,  the  access  of  water 
through  cracks  and  fissures  to  a deep  and  intensely  heated  level,  and 
the  consequent  generation  of  highly  explosive  steam  ; but  then  this 
leaves  unaccounted  for  the  previous  production  of  these  very  cracks  and 
fissures. 

Tlie  hypothesis  of  the  oxidisation  of  the  metallic  bases  of  the  earths 
and  alkalies  producing  a local  intensity  of  heat,  seems  likewise  to  involve 
the  access  of  air  and  water  to  spots  they  had  not  before  reached,  and 
to  require  the  providing  of  the  means  of  access  for  them. 
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For  the  present,  however,  we  may  dismiss  speculation  os  to  the 
precise  Ciuise  or  mode  of  action  of  the  elevatory  and  disturbing  force, 
and  turn  our  attention  to  an  examination  of  its  results. 

To  ^produce  a permanent  change  of  relative  Level  between  the  Sur- 
face of  Land  and  Sea^  the  solid  part  of  the  Earth! s Crust  must  move  first. — 
It  is  clear  that  all  rocks  which  were  forme<l  at  the  bottom  of  the  sea, 
and  which  are  now  dry  laud,  miLSt  have  gained  their  present  situation 
either  by  the  sinking  of  the  sea  level,  or  by  the  uplifting  of  the  sea 
bottom.  If,  however,  the  level  of  the  sea  be  materially  lowered  in  any 
one  part  of  the  globe,  it  must  be  equally  lowered  over  its  whole  surface. 
But  we  find  aqueous  rocks  on  the  summits  of  some  of  our  highest 
mountains,  and  if  these  had  been  laid  dry  solely  by  the  sinking  of  the 
sea,  without  any  movement  of  any  kind  in  the  solid  crust  of  the  globe, 
we  must  suppose  that  a shell  of  water  as  deep  as  our  highest  mountains 
has  been  removed  bodily  from  the  earth  into  another  part  of  the  universe. 

For  if  the  ([uantity  of  water  in  the  ocean  remaine<l  the  same, 
its  surface  level  could  not  pennanently  sink,  unless  there  were  a hollow 
made  in  the  solid  part  of  its  bed  for  the  waU^r  to  sink  into.  Neither 
could  its  surface  level  be  jxu-manently  raised,  except  by  the  filling  up 
of  some  of  the  dee|K‘r  parts  of  its  be«l  by  the  deposition  of  earthy 
matter  ; or  else  of  a contmction  of  the  capacity  of  its  bed  by  the  rising 
of  the  solid  rock  below  it.  If  the  quantity  of  water  on  the  globe, 
then,  remain  the  same,  any  permanent  change  in  the  level  of  the  sea, 
even  if  it  were  an  equal  and  uniform  change  all  over  the  globe,  could 
only  be  cjuised  by  a ])revious  change  of  jwsitiou  in  some  of  the  solid 
parts  of  the  cmst  of  the  globe. 

But  if  this  be  true  for  even  a general  cliange  of  level  common  to 
the  whole  globe,  still  more  obviously  true  is  it  for  a locid  and  partial 
change  in  the  relative  levels  of  land  and  water  at  any  particular  spot 
of  the  globe,  or  in  any  limited  area,  such  as  the  Baltic  Sea,  for  instance. 

Wheiever,  then,  we  find  tluit  a change  hius  occurred  in  the  relative 
levels  of  land  and  sea  in  any  portion  of  the  globe,  we  must  believe  tliat 
the  elevation  or  depression  luis  originated  in  the.  solid  roc/’,  and  not  in 
the  fluid  ocean.  The  very  fluidity,  indeed,  of  the  ocean,  which  might 
at  first  Uiad  us  to  look  to  its  motion  and  change  of  place  as  the  cause 
of  the  appearance  of  dry  land,  renders  any  permanent  local  change  in 
its  level  impossible,  while  a locjd  change  in  the  level  of  solid  rock  is 
more  easily  possible  than  a general  or  universal  one. 

Motion  in  Rocks  proved  by  inclination  of  Reds. — We  may  arnve  at 
this  conclusion  in  another  way.  We  could  not  continue  our  observa- 
tions upon  stratified  or  a<]ueous  i*oeks  ver}'  long  without  perc-eiving  that 
their  beds  are  not  invariably  horizontal,  but  are,  on  the  contrary, 
generally  inclined  to  the  horizon.  Now,  we  have  already  s<^en  that  in 
cerbiin  cases  beds  of  stratified  rock  may  be  fonned  on  a considerable 
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slojMJ,  or  may  have  an  original  inclination  due  to  the  very  circumstances 
of  their  deposition.  Tliese  cases,  however,  are,  by  their  very  nature, 
limited  to  small  areas.  A steep  slope  cannot  be  of  indefinite  extent  in 
every  direction,  and  could  not  have  strictly  pamllel  beds  dejx)sited  on 
it  over  its  whole  area  if  it  were.  Whenever,  then,  we  have  veiy  widely 
8])read  l>eds,  mamtaining  an  equal  thickness  and  strict  or  appix)ximate 
parallelism  over  a large  extent  of  ground,  we  may  feel  perfectl}’-  sure 
that  those  beds  when  first  formed  were  practiwilly  horizontal.  If  such 
beds  are  now  found  in  an  inclined  ])osition,  we  may  be  e(pmlly  certain 
that  they  have  been  moved  since  their  formation,  and  moved  more  in 
one  direction  than  in  another.  Tliev  must  have  been  tilted,  either  bv 

V / V 

being  lifted  up  at  one  end  or  depressed  at  tlie  other.  In  many 

cases  we  find  this 

motion  to  have  been 

verj’  great ; the  beds 

have  been  tilted  and 

set  on  edge  so  as  to 

rest  at  very  great 

angles,  and  in  some 

cases  to  be  absolute! v 

* 

vertical.  Beds  con- 
sisting of  alternations 
of  clay  and  sand,  with 
thin  seams  of  round 
pebbles  that  must 
clearly  have  been  de- 
posited horizontally, 
have  been  tilted  up 

fore,  have  Iwen  dci>usitcd  horizontally,  now  in  a vertical 
position. 

jxjndicular  (see  fig. 

27).  No  one  could  look  at  a cliff  exhibiting  the.se  facts,  ^ndthout 
feeling  certain  that  in  this  case,  at  all  events,  some  subterranean  and 
internal  forces  had  acted  upon  previously  horizonUd  beds,  and  lifted 
them  into  their  present  i>osition. 

Motions  in  Earth's  Crust  durintf  recent  times. — If  wo  still  hesi- 
tated to  l>elieve  motion  in  the  solid  frame-work  of  the  earth  possible, 
our  scepticism  must  at  length  give  way  before  the  knowledge  of  the 
fact  that  it  is  still  going  on,  even  in  our  o\^ui  day,  in  various  ]mrts  of 
the  earth.  For  a compendious  account  of  movements  of  elevation  and 
depression  in  the  lands  of  the  present  day,  either  having  occurred 
within  the  times  of  hi.story  or  still  in  progress,  I must  refer  the  reader 
to  Sir  C.  Lyell’s  Principles  of  Geology,  chapters  xxix.,  xxx.,  and  xxxi. 
He  will  there  find  an  account  of  the  gradual  rise  of  Sweden  and  Norway, 
which  is  now  going  on  at  the  rate  of  about  three  feet  in  a century  ; of 


till  they  are  now  per- 


Fig.  27. 

Beds  contAining  Inycrs  of  round  pebbles,  which  must,  there- 
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the  frequent  elevation  of  land  along  the  west  coast  of  South  America, 
simultaneously  with  the  occurrence  of  earthquakes  ; of  the  depression 
of  the  west  coast  of  Greenland  ; and  of  both  the  elevation  and  depres- 
sion of  the  temple  of  Jupiter  Serapis,  and  its  neighbourhootl,  in  the 
bay  of  Nai)les,  and  other  similar  facts  in  other  parts  of  the  globe. 

More  recent  movements  still  were  mentioned  by  Sir  C.  Lyell,  in  a 
lecture  to  the  Royal  Institution  in  1856,  as  having  occurred  in  New 
Zealand  simultaneously  with  the  eartlnpiake  of  January  1855.  A »te}) 
of  rock,  bared  of  earth,  nine  feet  high,  was  traceable  for  ninety  miles  at 
the  edge  of  a plain  along  the  foot  of  a range  of  hills.  An  elevation  of 
five  feet  took  place  on  the  north  side  of  Cook’s  Straits,  so  as  almost  to 
exclude  the  tide  from  the  river  Hutt,  and  a corresponding  depression 
on  the  other  side  of  the  straits  allowed  the  tide  to  How  up  tlie  river 
Wairua  several  miles  higher  than  before. 

Tliat  these  permanent  changes  of  level  have  not  been  more  often 
observed  is  probably  in  great  part  owing  to  the  want  of  a natural 
standard  of  level.  A change  of  level  diffused  over  a considemble  area 
could  only  be  detected  on  the  sea  coast,  or  by  accurate  measurement 
i*eferring  to  some  standard  of  level  which  had  not  itself  Ixjeii  disturbed. 
Our  only  natural  standard  of  level  is  that  of  the  upi>er  surface  of  the  sea. 

The  movement  of  the  land  in  Scandinavia  and  Greenland  is  so  slow 
and  gradual  as  to  be  quite  insensible,  the  inhabitants  only  becoming 
aware  of  it  by  its  results,  and  naturally  referring  it  to  a movement  in 
the  sea  rather  than  in  the  lancL 

More  frequently,  however,  movement  in  the  crust  of  the  earth 
appears  to  be  accompanied  by  earthquakes,  which  are  probably  the 
results  of  a sudden  yielding  or  fracture  in  the  solid  frame-work  com- 
municating a jarring  vibration  and  undulation  to  the  parts  alx)ve  and 
around  it.  Eveiy  earthquake  is  probably  accompanied  by  a dislocation 
in  the  rocks  shaken.  Tliat  dislocation  sometimes  j)erhaps  extends  to 
the  surface,  but  it  is  clear  that  the  bending  and  fracture  of  the  rocks 
will  be  gi-eatest  nearest  to  the  origin  of  the  disturbing  force,  the  amount 
of  disturbance  being  gradually  relieved  as  it  tmvels  towanls  the  surface. 

The  fre(]uency  of  etirtlnpiakes,  if  we  hike  the  whole  earth  into 
account,  is  much  greater  than  would  be  supposed  by  the  inhabitants  of 
any  one  country,  moi-e  especially  if  that  be  one  of  the  regions  not  now 
affected  by  earthquakes.  In  the  earthquake  catalogue  of  the  British 
Association,  compiled  and  di.scusscd  in  so  admirable  a mamier  by  Mr. 
Mallett  and  his  son,  he  mentions,  for  the  three  last  yeare  of  his  cata- 
logue, 86  earthquakes  in  1840,  152  in  1841,  and  92  in  1842,  so  that 
two  or  three  earthquakes  occur  ever}’  week,  even  of  sufficient  magnitude 
to  be  rt^coixled,  to  say  nothing  of  others  that  arc  not  recoixled,  either 
from  their  minor  character  or  fn>m  their  occurring  in  parts  of  the  earth 
not  inhabited  bv  ci^Hilized  nuin. 


DEPRESSION  PROVED  BY  CORAL  REEFS. 
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The  frequency  of  earthquakes,  and  especially  their  frequency  in 
particular  districts,  and  the  undulatory  motion  by  which  they  are  often 
accompanied,  which  has  been  described  lus  producing  a sickening  feel- 
ing, as  if  the  land  were  but  thin  ice  over  heaving  water,  proves  to  us 
the  instability  of  the  earth’s  crust. 

The  iact  that  all  our  pi*esent  lands  were  fomied  beneath  the  sea  is, 
if  we  admit  that  the  sea-level  is  practically  invariable,  perfect  demon- 
stration of  elevation  having  taken  place.  It  is  not  so  easy  to  prove  the 
fact  of  depression,  since  the  very  act  of  the  sinking  of  land  below  water 
takes  it  out  of  the  reach  of  our  obsttrvation. 

De2)res8ion  proved  hy  Coral  lieefs, — The  great  coral  reef  Atolls  and 
Barriers,  however,  here  come  to  our  aid,  since  Darwin  has  long  ago 
shewn  that  their  fonn  and  bulk  are  only  expliaible  on  the  supposition 
of  a slow  and  gradual  depression  of  the  ocean  bed  from  which  they  rise. 

Tlie  species  of  coral  wliich  pixxluce  great  reefs  can  only  live  in 
shallow  water,  where  the  heat  and  light  are  both  vivid,  and  M-here  the 
motion  and  play  of  the  waves  are  rapid  and  continuous.  Great  wall- 
sided Atolls  and  Rarriers,  then,  rising  from  depths  of  2000  feet,  must 
have  commenced  their  growth  in  shallow  water,  and  continued  it 
upwards,  at  such  a rate  as  to  have  always  kept  their  living  surface  near 
to  the  surface  of  the  ocean,  while  the  rock  base  on  which  thev  rested 
gradually  suicided  beneath  it. 

Fringing  reefs  are  those  growing  along  the  mai^in  of  a rocky  shore. 
If  the  land,  which  has  always  a general  inclination  from  the  interior 
towards  the  shore,  shoidd  be  depressed,  the  sea  will  Row  farther  in 
over  it  than  before,  and  the  new  shore  will  be  further  and  further  from 
the  outer  edge  of  the  reef  as  the  depression  is  continued.  But  the  outer 
edge  of  the  reef  will  nearly  maintain  its  place,  because  it  grows  verti- 
cally, or  nearly  vertically,  upwards,  so  that  eventually  there  will  be  a 
channel  of  water  between  the  outer  edge  of  the  reef  and  the  land, 
which  channel  will  be  wider  in  proj>ortion  as  the  slope  of  the  old  land 
was  gradual. 

In  this  way  a Fringing  reef  becomes  converted  into  a Barrier  reef. 

If  the  Barrier  reef  entirely  surround  an  island,  and  the  depression 
be  continued  until  the  whole  of  that  island  sink  beneath  the  sea,  the 
Barrier  reef  will  then  no  longer  have  any  land  to  circle  roimd,  and 
will  pass  into  an  Atoll  or  ring  of  cond  reef,  with  or  without  islets  of 
coral  sand  heaped  upon  the  coral  rock,  which  gradually  become  clothcrd 
with  vegetation,  and  ultimately,  jKjrhaps,  the  home  of  man. 

The  great  Barrier  reef  running  along  the  north-east  coast  of  Aus- 
tralia resembles  in  outline  a line  of  souiulings  such  as  are  often  marked 
in  charts,  receding  fi-om  the  present  shore,  where  that  is  low,  or  where 
the  slope  of  the  subjacent  rock  is  gradual,  and  a])proaching  to  it  where 
the  land  is  lofty  ainl  steep,  and  the  submarine  slope  therefore  rapid. 
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It  marks  then,  w-ith  very  approximate  accuracy,  the  limits  of  the  land 
of  Australia  as  it  existed  when  the  corals  first  settled  on  its  shore  a.s  a 
Fringing  reef,  and  proves  to  us  the  fact  that  that  old  land  was  once 
higher  above  the  water,  and  its  coast,  therefore,  farther  out  to  sea  than 
at  jiresent. 

Tico  Modes  of  Action  in  Forces  of  Disturbance.  — Tlie  internal 
force  wliich  produces  this  elevation  and  depression  of  the  surface  of  the 
earth  acts  apparently  in  two  ways,  broadly  and  equably,  or  with  local 
intensity. 

V 

When  it  acts  broa<lly  and  equably,  the  motion  seems  to  l>e  insensible 
and  unaccompanied  by  earthquakes,  and  great  tracts  seem  to  be  lifte<l 
or  depressed  bodily,  without  any  change  in  the  external  surface,  and 
without  any  disturbance,  so  far  as  we  can  see,  in  the  interior. 

When  it  acts  with  local  intensity,  either  along  lines  or  upon  point?, 
it  is  probably  always  accom])anied  by  e4irth([uakes,  and  product's  distur- 
bance and  dislocation  in  the  parts  acte<l  on,  ciuising  the  contortions  and 
faults  that  will  be  pre^ntly  tn*ated  of,  and  tilts  the  beds  into  those 
highly  inclined  positions  which  we  wie  about  mountain  chains. 

We  shall  see  reason  to  believe  that  these  great  disturbances  are 
always  prcKluced  at  some  depth  in  the  earth’s  crust,  and  that  their  most 
marked  eft’ects  only  apj)car  at  the  surface  when  they  are  exposed  by 
denudation  after  being  brought  up  by  a subsequent  broad  and  e(juable 
elevation. 

It  is,  however,  quite  possible  that  the  two  kinds  of  motion  art^  often 
conjoined,  and  that  the  comuilsive  action  on  deeply  subterranean  lines 
or  points  may  be  combined  with  widely-spread  elevation  or  dei)ression. 


CHAPTER  XII. 


INCLnfATIOX  OF  BEDS. 


The  Dip  and  Strike  of  Beds. — Tlie  inclination  of  beds  downwards 
into  the  eartli  is  technically  called  their  dip.”  It  is  measured  by  the 
angle  between  the  plane  of  the  bed.s  and  the  plane  of  the  horizon.  In 
fig.  28  the  beds  dip  to  the  south  at  an  angle  increasing  fix)iu  35®  to 
50®.  When  we  speak  of  the  opi)o.site  of  “ dip,”  we  use  the  term  “ rise.” 
For  instance,  in  fig.  28  the  beds  dip  to  the  stnith,  and  rise  to  the  north. 
The  place  where  each  bed  rises  out  to  the  surface  of  the  gi’ound  is 
calleil  its  “ outcrop”  or  “ ba.s.set.”  We  say  that  such  and  such  beds 
“ crop  out”  to  the  surface,  and  we  speak  of  the  “bjtsset”  edges  of  the 
l>eds.  Miners  u.se  these  and  other  terms,  such  as  “ coming  out  to  the 
♦lay,”  “ rising  uj)  to  the  gims,”  when  speaking  of  the  “outcrop”  of  any 
be<l  or  beds.  The  line  at  right  angles  to  the  dip,  that  is,  the  line  of 
outcrop  of  a bed  along  a level  surface,  is  called  its  “ strike,”  a tenn 
introduced  from  the  German  by  Professor  Sedgwick.  It  is  described  by 
its  line  of  compass  bearing,  either  true  or  magnetic.*  Coal  minero  com- 
monly spt*ak  of  this  as  the  “ level  bearing”  of  a bed,  .seeing  that  if  yem 
draw  a line  or  drive  a gallery  along  a bed  exactly  at  right  angle.s  to  its  line 
of  dip  or  inclination,  it  must  of  necessity  be  on  a true  level  or  have  no 
inclination  either  way.  It  must  be  n^collected  that  the  true  strike  of  a 
iKid  will  coincide  with  its  line  of  outcrop  along  the  surface  of  the  ground 
only  when  that  surface  is  horizontal.  If  the  surface  be  highly  inclined, 
the  outcrop  of  the  bed  along  that  surface  will  depart  from  the  true  strike 
in  ])roportion  to  the  inclination  of  the  surface,  until  it  coincide  with  the 
ilip  when  the  surface  becomes  ixirpendicular. 

If,  then,  a bed  “dips”  due  north  or  due  south,  its  “strike”  will  be 
♦lue  east  and  west.  If  we  know  the  direction  of  the  “dip”  of  a bed, 
acconlingly,  we  also  know  the  exact  l>earing  of  its  “ strike  ;”  but  if  we 
only  know  the  strike,  we  do  not  necessarily  learn  either  the  ilin^ction 
or  amoimt  of  it.s  “ dip,”  l>ecause  it  may  incline  to  either  side  of  the  line 
of  strike,  and  to  any  amount  from  tlic  horizontal  plane.  In  making 
observations,  then,  in  field  geology,  it  is  most  important  to  observe 


* Geologists  generally  use  tnie  compass  bearings,  a practice  tlmt  ought  to  be  adopted 
universally  In  all  land  operations. 
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accurately  the  direction  of  the  dip  of  all  stratified  rocks.  It  is  also 
important  to  know  its  amount ; but  this  need  not  be  observed  with 

such  minute  accuracy,  since  it  is 
apt  to  var\"  continually  to  the 
amount  of  3®  or  4®. 

Geological  Section  and  Map. 
— In  oitler  to  make  the  ex- 
planation more  clear,  let  figs. 
2y  and  28  be  a rough  maj>,  and 
a section  across  it,  of  a 8upj)Osed 
jnece  of  ground  near  the  shore, 
and  let  them  both  be  drawn  on 
a scale  of  about  100  yaixls  (or 
300  feet)  to  the  mch.  In  the 
map,  fig.  29,  let  A A be  a rocky 
beach,  exi>osed  at  low  water  ; 
B B a line  of  cliff  about  100  feet 
in  height ; and  C C the  surfac^f 
of  a country  above  the  cliff,  with 
the  rock  exjmsed  in  sev'eral 
1 daces,  either  on  the  sunmiits  of 
eminences  or  the  bottoms  of 
quarries.  The  arrows  will  point 
out  the  direction  of  the  dip,  the 
figures  shexnng  its  amount. 
This  amount  increases  fix)in  35® 
on  the  nortli  to  50®  on  the  south, 
and  we  may  assume  this  increase 
to  be  quite  gnulual,  or  that  the 
beds  are  jMirts  of  curves,  and  not 
of  perfectly  stniight  ])lanes. 
Tlien  let  D D be  a line  of  sec- 
tion, or  sujiposed  cutting,  at 
right  angles  to  the  strike  of  the 
beds,  and  let  this  section  (fig. 
28)  be  drawn  so  as  to  give  the 
true  outline  of  the  ground  acro.ss 
which  it  passes,  and  rej>resent 
the  be<ls  in  the  true  jrosition 
they  would  be  seen  to  occupy 
were  such  a cutting  or  cliff  really 
formed.  Being  drawn  at  right  angles  to  the  strike,  it  nms  of  course 
along  the  line  of  the  direction  of  the  dip  and  its  bearing,  as  here  drawn, 
is  about  28®  west  of  north,  and  east  of  south.  Tlie  latter,  then,  is  the 


Fig.  28. 

Vertical  section  along  the  line  DD  in  the  iiiai> 
Fig.  2D. 
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direction  of  the  dip..  Tlie  bearing  of  the  strike  will  consequently  l>e 
28®  north  of  ea.st  if  we  look  in  one  direction,  28''  south  of  west  if  w'e 


Fig.  29. 

look  in  the  other.  In  such  a locality  as  this,  if  we  marked  out  the 
boundaries  of  the  beds  correctly  on  our  map,  we  should  feel  sure  of  the 
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correctness  not  only  of  the  map,  but  of  the  section,  and  we  should  know 
the  position  of  the  beds  not  only  above  the  level  of  the  sea,  but  for  a 
considemble  distance  below  it.  If,  for  instance,  at  the  point  d in  the 
map  we  udshed  to  detennine  the  vertical  depth  of  the  bed  we  should 
see  at  once,  by  constructing  the  section,  that  the  depth  of  h under  d 
would  be,  acconling  to  the  scale,  rather  more  than  425  feet.  If  we 
wished  to  reach  the  bed  a in  the  same  way,  it  would  be  easy,  either  by 
construction  or  calculation,  to  ascertain  the  depth  at  which  it  would  be 
found  in  a j)eq)endicular  shaft  under  d. 

It  would  be  easy  for  us  also  to  ascertain  the  total  actual  thickness 
of  the  whole  set  of  beds  shewn  on  the  map,  either  by  actual  measure- 
ment of  each  bed  along  the  shore,  or  by  constructing  a section  founded 
on  the  observation  of  their  angle  of  dip  and  the  width  of  their  outcrop. 
The  {u;tual  thickness  of  the  beds  cut  by  the  sea-level  line  in  the  section 
fig.  28,  for  instance,  would  be  a little  over  850  feet.  That  is  to  say, 
those  beds,  if  they  wem  horizontal,  would  l>e  850  feet  from  top  to 
bottom  ; if  they  were  vertical,  it  would  be  850  feet  directly  across 
them  ; while  in  their  present  inclined  position,  a horizontal  line  acro.ss 
their  outcrop  measures  1200  feet.  lu  the  Appendix  will  be  found  a 
table  which  will  give  either  the  dej)th  of  any  particular  bed,  or  the 
tliickness  of  a group  of  beds  when  the  angle  of  their  dip  and  the  width 
of  their  outcrop  is  known. 

If  we  j)roceeded  to  tmce  those  beds  into  the  country  along  their 
strike^  however  much  the  dii*ection  of  the  stnke  or  the  angle,  of  the  dij) 
might  vary,  or  however  they  might  be  concealed  by  grass,  soil,  or  super- 
ficial covering,  we  should  always  have  to  recollect  that  there  was  a 
tliickness  of  850  feet  of  Ix'ds  to  be  found  or  allowed  for  somewhere  ; 
and  if  we  came  to  a quarry  or  a cutting  where  the  bed  a',  for  insUmce, 
was  sheu  n,  and  we  were  able  certainly  to  identify  it,  we  should  exjHjct 
there  to  find  all  the  other  beds  above  and  below  it  that  we  had  found 
above  and  below  it  where  they  were  clearly  exhilnted.  We  should  feel 
sure  we  wei-e  light  in  this,  if  in  the  expecte<l  spots,  at  the  requisite 
distance  on  either  side  of  it,  we  found  one  or  more  of  the  be<ls  rt,  6,  or 
c,  shewn  in  other  (quarries,  or  cuttings,  or  clitfs  in  the  neighbourhood.* 
It  is  in  this  way,  by  getting  a knowledge  of  the  tme  section  of  a series 
or  group  of  beds  where  they  are  well  exhibited,  and  following  them 
across  a country,  picking  out  one  of  them  here,  and  another  of  them 
there,  in  ditches,  brooks,  river,  banks,  cliffs  or  ravines,  wells,  mines, 
road  or  railway  cuttings,  and  quan-ies,  that  geological  maps  are  con- 
structed, shewing  the  boundaries  of  the  several  gi’oups  of  rock,  their 

* In  (litiKram  Ar.  2ft,  the  8up]K)Hed  quarries  or  ex}K>8ures  of  rock  in  the  interior  of  the 
rountrj'  are  thickly  gnnijK'd  t«»gether ; but  if  tlie  reailer  will  imagine  them  scpamte<l  by 
much  wider  inter\  nla,  and  scattered  over  a far  larger  space,  he  will  have  a truer  notion  of 
what  usually  occurs  In  nature. 
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range  or  strike  across  a coniitiy,  and  the  area  of  surface  tliey  occupy 
with  their  outcrops  or  “ basset  eilges.” 

Contortions. — Where  the  dip  and  strike  of  the  rocks  are  very 
steady,  or  wherc  they  run  in  nearly  straight  lines  across  a country,  and 
their  edges  are  not  too  much  concealed  by  superficial  covering,  the  task 
first  mentioned  is  one  of  no  great  difficulty.  In  many  insUinces,  how- 
ever, neither  the  dip  nor  the  strike  of  a set  of  beds  remains  constant 
over  any  considerable  spaces.  The  beds  are  bent  and  contorted,  and 
twisted  alx)ut,  so  that,  instead  of  running  in  straight  lines,  the  basset 
edges,  or  outcrops  of  any  set  of  beds,  follow  crooked  and  curved  lines, 
often  doubling  back  and  nmning  altogether  out  of  their  fonner  course. 
Moreover,  after  dipping  down  in  a certain  dii*ection  for  some  distance, 
such  beds  are  frequently  curved  up  again,  and  rise  to  the  surface  at 
some  other  locality,  forming  basin  or  tix)ugh-shaj)ed  hollows  ; or  again, 
after  cropping  out  to  the  surface,  the  beds  undenieath  them  are  bent 
over  in.  a ridge-like  form,  so  that  tlie  first  beds  come  in  and  take  the 
ground  again,  dipping  in  an  opposite  direction. 

Tliese  bendings  of  the  beds  occur  on  every  possible  scale,  from  mere 
little  local  crumj)lings  on  the  side  of  a bank,  to  ciiiwes  of  which  the 
ladii  are  miles,  and  the  nuclei  are  mountain  chains.  Wlien  on  the 
small  scale,  they  are  commonly  called  “ contortions,”  as  in  fig.  30. 


Fig.  30. 

Sketcli  of  a cliff  on  the  const  of  Cork,  near  the  old  Head  of  K indale,  bj’  Mr.  G.  V.  Dn  Noyor. 

Beds  of  the  hardest  stone,  such  as  comimct  or  crystalline  limestone, 
ami  hard  siliceous  gritstone  are  in  some  cases  bent  into  curves  of  the 
most  wonderful  regularity,  so  as  to  look  like  artificial  masonry,  or  a 
series  of  arches  and  trougLs  built  for  st)me  inexplicable  purpose. 

More  usually,  however,  there  is  a gootl  deal  of  irregularity  in  the 
curves,  and  this  is  es]»ecially  the  case  when  the  beds  acted  on  consist  of 
alternations  of  diflerent  texture  and  composition. 

The  sketch,  fig.  31,  represents  part  of  a series  of  contortions  in  the 
Carboniferous  limestone  of  the  County  Dublin,  as  they  may  be  seen  on 
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the  shore  of  Loiighshinny,  between  Rush  and  Skerries.  In  this 
locality  they  may  be  studied  not  only  in  section  in  the  cliflfs,  but  in 


Fig.  31. 

Sketch  of  contortiuus  in  carl>onircrouH  limestone  and  .sliales,  Lough.shinny, 

County  Dublin. 


plan  on  the  shore  at  low  water,  and  some  of  them  may  be  ob.served 
partly  in  section  and  partly  in  plan,  which  makes  the  locality  au 
exceedingly  interesting  one. 

The  ridges  and  troughs  form  long  ovals,  the  ridges,  like  inverted 
boats  half  shewn  through  a succession  of  planks  wrapping  round  them, 
the  troughs  like  a series  of  broken  boats  of  less  and  less  size,  placed 
inside  each  other  like  a nest  of  boxes.  Tliese  oval  ridges  and  troughs 
succeed  and  replace  each  other  in  all  direct ion.s,  and  where  the  one 
IMUsses  into  the  other,  the  cnmipling  has  been  sometimes  so  great,  and 
the  wpieezing  so  severe,  that  it  is  imjiossible  to  tmee  any  bed,  or  even 
any  two  or  three  beds  through  the  contortion. 

It  will  be  seen  that  in  some  parts  of  the  sketch  the  dark  shale  betls 
are  wider  than  at  others,  the  soft  shales  having  been  squeezed  out  from 
iHitween  the  limestones  at  one  j)lace,  so  as  to  fonn  “ ^wckets  ” at  another. 
This  sometimes  hajipeiis  on  a still  larger  scale,  with  violently  contorted 
beds.  In  the  collieries  near  Kanturk,  County  Cork,  the  culm  and 
anthmeite  beds  there,  which  were  originally  jKjrhaps  2 or  3 feet  thick, 
expand  in  some  places  to  a width  of  20  or  30  feet,  while  at  others 
they  dwintUe  down  to  a single  inch.  The  same  thing  seems  to  occur 
with  the  seam  of  anthracite,  in  the  Lower  Silurian  beds  near  Upi>er 
Church,  County  Tippemry,  and  at  Kilnaleck  in  the  County  of  Cavan. 
(See  Explanation  of  sheets  145,  1C3,  and  175,  Geol.  Suit.,  Ireland, 
description  by  Messrs.  G.  H.  Kiiiahan  and  A.  B.  Wynne. 
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Similar  instances  may  sometimes  be  seen  among  disturbed  rocks 
of  the  sudden  thickening  and  thinning  of  argillaceous  beds,  due  not 
so  much  to  irregularities  of  deposition  as  to  subseipient  s<pieezing. 

Very  curious  and  almost  inexplicable  contortions  may  be  seen 
occasionally,  but  we  must  recollect  that  the  conditions  under  which 
they  were  produced  were  such  as  it  is  not  often  possible  for  us  to 
imitate,  nor  easy  even  to  imagine.  When  the  rocks  were  thus  con- 
torted, they  were  buiietl  under  vast  thicknesses,  often  many  thousands 
of  feet,  of  other  rock ; the  rocks  above  and  below  them  were  also  of 
unequal  densities,  and  oflering  unetpial  resistances  to  force ; the  forces 
of  disturbance,  therefore,  even  if  uniform  in  their  origin,  would  become 
complicated  in  direction,  and  unequal  in  intensity,  by  reason  of  these 
inequalities  in  the  structure  and  position  of  the  rocks,  and  inet^ualities 
in  the  pressure  of  the  superincumlKJiit  masses. 

Repetitions  of  disturbing  action. — ^Another  somce  of  confusion  is 
the  repetition  of  a disturbing  action  upon  rocks  already  disturbed,  the 
subsequent  forces  acting  perhaps  in  dii-cctions  dilforcnt  from  the  early 
ones.  In  Ireland  it  can  be  shewn  that  the  Cambrian  rocks  were  greatly 
disturbed  and  contorted  before  the  dei>ositioii  of  the  Lower  Silurian,  that 
the  Lower  Silurian  formation  had  in  like  manner  sufl'ered  before  the 
deposition  of  the  Carboniferous,  and  that  the  Carboniferous  had  itself 
been  greatly  disturl^ed  and  often  highly  contorted.  It  is  reasonable 
therefore  to  expect,  what  is  found  to  be  the  fact,  that  the  beds  of  the 
Cambrian  rocks  are  in  some  places  twisted  into  a confusion  of  curves 
and  knots,  which  it  is  now  a quite  hopeless  task  to  endeavour  tt> 
unravel. 

Anticlinal  ami  Sgnclinal  Cur  res. — When  the  curves  of  the  rocks 
are  of  greater  extent,  ^ve  cease  to  speak  of  them  as  mere  “ contortions.” 
If  the  cun'es  have  longly-extended  axes,  that  is  to  say,  if  the  beds  are 
bent  up  into  ridges,  or  down  into  troughs,  which  continue  for  consider- 
able lengths,  in  j)roportion  to  their  widths,  we  sj>cak  of  them  as 
“ anticlinal  ” and  “ synclinal  ” curves.  If,  on  the  contrary,  no  diameter 
of  the  curved  area  be  much  longer  than  another,  we  call  them  either 
dome -shaped  elevations,  or  basin -shaped  <lepressions,  as  the  case 
may  be. 

In  tig.  32,  A is  an  anticlinal,  and  B is  a sjmclinal  curve,  the  beds 
numbered  6,  7,  8,  being  reixjated  on  each  side  of  both.  At  A,  the 
lower  beds,  1,  2,  3,  4,  5,  are  seen  rising  out  from  underneath  them  in 
tlie  fonn  of  an  arch.  At  B,  the  upper  beds,  9 to  13,  reix)se  upon  them 
in  the  fonn  of  a trough.  It  matters  not  w hether  w'e  suppose  the  spaces, 
1,  2,  3,  etc.,  to  represent  single  beds,  and  the  hill  at  A a slight  eleva- 
tion, or  whether  they  bo  taken  as  groups  of  bed.s,  and  A be  supjwsed  to 
be  a mountain  chain. 

The  straight  line  which  may  be  supposed  to  run  directly  from  the 
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i*ye  of  the  sjx'ctator  along  the  top  of  the  ridge  A,  or  the  bottom  of  the 
trough  B,  is  railed  the  “ axis  ” of  the  curve  in  each  case.  This  axis 
may  be  either  horizontal  or  inclined  ; if  horizontal,  the  section  across  it 


Fig.  32. 


will  cut  the  .same  beds  wherever  it  be  taken,  the  variations  in  its  out- 
line only  re.sulting  from  those  in  the  outline  of  the  ground.  If,  how- 
ever, the.  a.vis  be  inclined,  different  sections  will  cut  different  beds,  even 
should  the  outline  of  the  ground  remain  the  same.  This  is  shewn  at 
Hg.  33,  which  is  a .suj)posed  plan  of  the  ground  of  which  fig.  32  is  a 


Fig.  3.3. 

Plan  of  Undulniiug 


section,  in  which  the  axes,  A A^  and  B B‘,  are  supposed  to  incline 
downwards  to  the  north,  or  from  the  line  of  secti<m  C D,  to  the  other 
en<l  of  the  map,  as  shewn  by  the  arrow's,  it  is  obvious  that  the  bed  4, 
w’hich  forms  the  apex  of  the  ridge  in  the  section,  will  slo])e  dow'iiwanls 
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along  the  inclmed  axis,  and  if  the  ridge  of  the  hill  be  kept  up  to  the 
same  height,  the  beds  5,  6,  7,  8,  will  necessarily  arch  over  it.  In  the 
same  way,  if  the  synclinal  axis  B slope  in  the  same  direction,  there 
must  either  be  a corresponding  slope  and  hollow  in  the  surface  of  the 
ground,  or  fresh  beds,  14,  15,  16,  etc.,  must  come  in,  resting  in  the 
hollow  of  13.  So  that,  if  we  make  another  section,  as  in  fig.  34,  along 


a Ibie  between  G H for  instance  in  fig.  33,  the  ridge  of  the  anticlinal 
A A'  will  be  formed  by  the  bed  7 insteiul  of  4,  all  the  beds  below  7 
having  successively  simk  beneath  the  surface,  and  the  bed  16  will 
form  the  hollow  of  the  synclinal  B B‘,  the  bed  13  being  now  at  a 
considemble  depth  below  it,  and  cropping  out  at  some  distance  on 
either  side,  • 

Large  anticlinal  and  sjTiclinal  cur\^e3  have  often  minor  undulations 


on  their  flanks,  as  suggested  in  fig.  35,  where  the  letters  a and  h shew 
the  main  anticlinal  and  sjTiclinal,  with  smaller  ones  on  each  side. 

These  minor  xmdulations  may  be  likened  to  ripples  or  lesser  waves 
riding  on  the  back  of  the  larger  swell  of  the  ocean.  They  are  especially 
remarkable  in  some  of  the  large  anticlinals  in  the  south-west  of  Ireland. 

It  xvill  be  readily  understood  that  such  complication  of  forms  as 
these  necessitate  great  labour  in  making  an  accurate  map  of  the  countrj', 
more  especially  where  the  ground  is  itself  lofty  and  broken,  and 
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often  difticult  to  traverse,  wliile  the  subterranean  complication  is  only 
partially  revealed  by  occasional  exposures  here  and  there  at  the  sur- 
face. 

The  axes,  or  ima^onary  central  lines  of  anticlinal  and  synclinal 
cur\  es,  are  sometimes  long  and  steady,  and  the  curves  themselves  apjMi- 
rently  endless  in  lengtli,  sometimes  the  axes  are  short  and  internipted 
when  the  anticlinals  and  synclmala  shrink  into  short  oval  ridges  and 
troughs,  like  those  mentioned  at  p.  238,  and  these  agfun  ]mss  into  strictly 
dome-shaped  elevations  and  basin-shaj>ed  dej)res.sions,  when  the  axes  Ix;- 
cuine  mere  points  or  centres,  from  or  towanls  which  the  beds  have  what 
is  called  a ijud  qud  versal  «lip  or  inclination  on  all  sides.  Wlien  tlu‘ 
axes  of  the  cun’es  are  short  and  interrupted,  the  curves  themselves  an*, 
as  might  be  expected,  irregular,  so  that  an  anticlinal  ]>resses  into  a s^Ti- 
clinal  along  the  same  line  of  stnke,  and  vke  verm. 

The  axis  of  an  anticlinal  or  synclinal  curve  may  run  either  in  the 
<lirection  of  tlie  general  dip  of  the  beds,  or,  as  is  most  usual,  in  that  of 
the  strike,  or  intennediate  l>etween  the  two,  ]»roducing  one  or  two  Iik-jiI 
flexures  in  the  beds,  inde]K*ndently  of  their  general  inclination. 

UmcUmil  Curves. — Tliis  tenn,  first  used,  so  far  as  I am  aware, 
by  Mr.  Daiavin,  in  his  Geology  of  South  Aniericu,  may  be  useful  some- 
times to  designate  a single  fold  in  rocks,  uithout  aiiy  answering  counter- 
fold in  any  direction.  If,  for  instance,  a set  of  horizontal  beds  suddenly 
curve  down  or  up  into  a vertical  or  nearly  vertic^il  position,  and  either 
(xmtinue  highly  inclined  or  merely  pass  back  again  into  their  original 
horizontiility,  without  rising  or  falling  by  tl  corrasponding  cuiTe,  we 
may  call  it  a uniclinal  curate. 

In  the  Isle  of  Wight,  for  instance,  the  beds  are  horizonUil  at  the 
southern  eiul  of  the  island,  suddenlj'  di]>  in  the  middle  of  it  veilically 
or  nearly  so,  to  the  north,  and  then  rather  (piickly  it'cover  theii*  hori- 
zontality  at  the  northern  end  of  the  islainl.  Tli is  uniclinal  curve  causes 
tlie  beds  which  caj)  the  hills  in  the  south  to  be  deej)  below  those  fonn- 
ing  the  low  groimd  in  the  north  of  the  islaiuL 

Some  magnificent  exmiiples  of  uniclinal  cui^'es  may  be  seen  along  the 
cliffs  iu*ar  Loop  Head,  Comity  Clare.  Tlie  beds  there  are  hard  grits  and 
iudurateil  slaty  shales  belongdng  to  the  Coal-inejtsiu'es.  In  many  places 
tJiey  are  horizontal,  or  nearly  so,  while  in  others  they  an^  variously  curved, 
the  anticlinals  sometimes  eroded  by  the  seu  ludow  so  as  to  form  natural 
mche.s  and  bridges,  one  example  of  which  is  well  known  as  the  Bridges 
of  Ross.  In  two  or  three  iusUiuces,  liowever,  horizontal  beds  are  sud- 
denly bent  for  a short  space  by  uniclinal  curves  into  the  vertical  jHxsi- 
tion,  and  then  immediately  bent  back  again  into  the  horizonUil.  Tlie 
axes  of  these  curveis  strike  nearly  with  the  coast,  so  that  great  area.s  of 
the  surface  of  a bed  ara  sometimes  sheuTi  in  the  cliffs.  One  of  these 
is  one  or  two  hiuidred  ysuxls  long  and  two  hundred  feet  in  height, 
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»in<l  Mr.  Henry  Keiine,  on  whose  ]»roperty  it  is,  has  had  one  of  tlie  pro- 
jecting cra^s  near  it  walled  round,  so  that  it  may  be  ^^ewed  in  safety, 
lls  the  smooth  nearly  vertical  surface  of  the  be«l  undulate.^  slij'htly, 
it  might  l)e  taken  for  the  side  of  .some  mighty  shij)  rising  out  of  the 
Ijoiling  surf  below. 

/nvt^rifioii  of  — Tliese  llexure.s  are  in  some  in.stances  carrie<i 

out  m far,  both  tni  the  large  and  small  scale,  as  to  prmluce  actmd 
inversion  (see  fig.  36)  of  the  beds,  so  that  the  l«)wer  surfaces  appear  in 
Borne  place.s  to  be  the  upper  one.s. 


This  inversion  may,  in  some  cases,  among  highly  contorted  bed.s,  1h* 
actually  seen  in  the  cliffs,  as  in  some  parts  of  the  Alps,  wherc^  the  beds 
may  be  observed  bent  into  the  form  of  S’s  or  Z’s,  in  the  jwecipitoiis 
.side.s  of  the  mountains.  In  other  ctises  it  requires  a more  widcdy 
extended  observation,  in  order  to  shew  that  the  apparent  order  of  eui»er- 
]H)sition  of  any  set  of  beils,  in  any  })articular  loctditv,  is  the  inverse  of 
that  order  which  is  to  be  observed  generally,  and  where  the  beds  are 
undi.sturbed. 

Inversion  of  l)eils  is  occa-sionallv  to  be  detected  by  means  of  the 

V c. 

ripple,”  or  “ current  mark,”  or  other  structure  j>ro(luced  on  the  s\irtiuu* 
of  beds,  when  the  peculiarities  in  the  forms  of  these  marks  are  of  such 
a kind  as  that  a “ cast”  of  them  shall  be  j)lainly  distinguishable  from 
the  original  form.  In  these  cases  the  “ cast  ” may  sometimes  be  .stain 
on  the  now  upper  surface  of  a bed,  dipping  under  what  appears  to  be 
tile  bottom  of  the  superincumbent  bed,  but  which  was  originally  the 
rtally  upjK-r  surface  or  “ mould”  on  which  the  materials  were  dejK>siteil 
that  formed  the  “ cast”  at  the  bottom  of  the  succeeding  bed. 

The  inversion  of  beds  is  occasionally  observed  in  coal  mining,  as  in 
Belgium  and  the  south-we.st  of  Ireland,  where  beds  of  coal  are  .«oimv 
times  foiuid  with  the  “ coal-seat”  upjtermo.st,  and  the  “ coal  roof”  under- 
most. In  a disturbed  part  of  the  South  Statfordshirc  coal-field,  the 
ftirne  lied  of  coal  was  piissed  through  three  times  in  the  same  vertical 
.«haft,  fii*st  in  its  right  position,  then  inverted,  and  then  again  right  siihi 
uppennost.  It  mu.st  accordingly  have  been  bent  into  the  shape  of  the 
hdter  S or  Z 
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Wc  sliall  sec  presently  that  no  mere  “ fault”  can  thus  bring  part  of 
the  same  bed  twice  into  a vertical  shaft. 

Artesian  Wells. — The  artificial  wells  knowTi  as  Artesian,  from  their 
first  being  used  in  the  province  of  Artois,  are  possible  only  in  those 
districts  where  the  rocks  have  been  bent  into  a basin-shaped  curve. 
If  a series  of  beds,  some  of  which  are  porous,  either  in  consequence  of 
their  open  grain,  or  the  joints  which  traverse  them,  wliile  others  are 
impervioiLS  to  water,  be  bent  into  the  form  of  a basin  with  a quaqua- 
versid  dip  towards  a central  part,  and  the  porous  beds  rise  into  higher 
gixDund  than  tliat  central  part,  then  the  min  that  falls  on  tlieir  out^ 
crop  ^^nll  partly  sink  do\\m  along  them  beneath  the  imper\dous  covering 
until  a basin-shaped  sheet  of  water  be  acciunulated  below,  as  in  the 
shaded  part  of  fig.  37.  This  water  will  completely  saturate  the  porous 
bed  up  to  a certain  level,  as  L L for  instance,  but  will  be  • prevented 
from  rising  to  the  surface  in  consequence  of  the  impeivious  bed  or 
beds  m m above  iL 

If  that  impendous  doAvnward-cun^ed  bed  be  pierced  by  a bore-hole, 
the  water  will  rise  in  that  hole  to  the  level  L L,  and  this  is  in  some 
cases  above  the  fevel  of  the  surface  of  the  groiuid  in  the  low  central 
region,  as  represented  in  fig.  37.  • 


H JI 


Fip.  37. 

Biagnumnatic  section  of  a district  in  wliich  Artesian  wells  are  possible. 

In  this  diagram  the  porous  beds  are  indicated  by  the  letters  PP,  and  the 
imj)ei  Auous  beds  by  the  letters  m m-.  If  then  the  wells  W W W be  sunk 
through  the  upper  impervious  beds,  the  water  will  rise  in  them,  either 
on  to  the  surface  with  a jet  ns  in  the  central  well,  up  to  the  surface  as 
in  the  one  on  the  right  hand,  or  up  to  the  water-level  LL  in  the  one  on 
the  left  hand,  that  w'ater-level  being  the  height  to  which  the  beds  P P 
are  supposed  to  he  saturated  with  water  from  the  rain  falling  on  the 
high  gi’ound  H H. 

If  the  water-bearing  beds  be  traversed  by  many  open  joints,  the 
water  will  flow  freely  through  them,  and  rush  up  the  moment  it  is 
tap])ed.  If,  however,  the  joints  be  few  or  close,  and  the  rocks  he 
clo.se-grained,  it  will  then  require  some  time  for  the  water  to  rise  in 
the  wells. 
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FAULTS  OR  DISLOCATIONS. 

It  may  easily  be  conceived,  that  the  force  wliich  was  sufficient  to  raise 
vast  masses  of-  solid  rt)ck,  of  unknouTi  but  immense  thickness,  from 
beneath  the  bottom  of  the  sea  high  into  the  air  in  onlor  to  form  the  dry 
land,  and  to  bend  them  into  the  folds  mid  contortions  that  have  been 
just  descriVied,  was  also  sufficient  to  crack  and  break  them  through.  We 
find,  accordingly,  very  frequent  instances  of  cracks  mid  fissures  running 
through  great  thicknesses  of  rock.  Sometimes  the.se  are  mere  fissures  ; 
but  quite  as  frequently  there  is  not  only  a severance  but  a displacement 
of  the  rocks  that  have  been  severed.  Beds  that  were  once  continuous 
are  now  not  only  broken  through,  but  are  left  at  very  different  levels 
on  opposite  sides  of  the  fissure — many  feet,  or  many  hundreds  of  feet 
above  or  below  the  parts  ^^'ith  which  they  were  once  continuous.  When 
til  is  is  the  case,  these  fractures  are  called  “faults”  or  “dislocations” 
by  geologists,  for  which  miners  in  different  districts  use  in  addition  the 
terms  “ slip,”  “ slide,”  “ heave,”  “ dyke,”  “ thing,”  “ throw,”  “ trouble,” 
“ check,”  and  other  expn^ssions. 

The  throw  of  a Fault. — ITic  amoimt  of  dislocation  mea.sured  in  a 
rertical  directiotiy  pro- 
duced by  a fault,  is 
called  its  “ throw,” 
a fault  being  .said  to 
be  an  “ upthrow  ” or 
a “ douui  throw,”  or 
an  “ upcast  ” or 
“ downcast,”  accord- 
ing to  the  side  from 
which  we  * view  it. 

Its  amount  is  stated 
in  fathoms,  yards,  or 
feet,  measured  per- 
I>endicularly  from  the 
surface,  provided  the  surface  be  horizontal,  from  a given  horizontal 
plane  if  it  be  not  If,  for  instance,  a bed  of  coal,  where  it  is  cut  by  a 
fault,  as  at  A,  fig.  38,  be  100  yards  from  the  surface,  or  from  an  as- 
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Hiuiieil  liorizoiital  stmtum  line  AJ^,  and  the  other  jiart  of  the  bed  iinine- 
diately  on  tlie  other  side  of  the  fault,  jus  at  />»,  he  200  Vfirds  below  the 
line  A 11,  the  throw  of  the  fault  is  Kxid  to  be  100  yanls,  without  regui-«I 
the  disUince  measured  laterally  from  A to  B along  the  surface,  or 
from  a to  b along  the  fault. 

In  some  places  especially,  in  cases  where  the  outcroj)  of  a bed  is 
•lislooited  at  the  surface,  the  distance  A B,  by  which  the  ends  of  the  bed«< 
are  sejiarated,  is  called  “the  heave”  of  the  fault,  though  this  is  sonu** 
times  measured  along  the  fault  from  a to  4.  In  taking  accounts  from 
minei^s  as  to  the  characters  of  faults,  it  is  necessar>'  to  be  on  one’s  guard, 
jind  be  quite  sure  that  the  sense  in  which  they  use  these  terms  is  properly 
understooil.  In  wmie  districts  they  would  speak  of  the  distance  A B, 
?neasim;d  along  the  surface  of  the  ground,  or  the  horizontal  distance 
between  the  ends  of  the  beds,  as  the  “ width  ” of  the  fault,  looking  only 
to  the  extent  of  “ baiTeii  giound”  as  to  that  j»articular  bed,  and  jaiying 
no  attention  to  the  real  vidth  of  the  actual  tissure  itself,  which  might 
Ini  not  m(»re.  than  a few'  inches,  or  j>erhaps  even  not  more  than  one. 

Van'etifs  of  Faults. — Faults  varj*  in  chan\cter  and  in  effect,  fii'stly, 
acconling  to  the  natuiv  of  the  rocks  which  they  traverse,  whether  tin*)* 
Ihj  hanl  or  soft,  or  an  alternation  of  both  ; secondly,  accoixling  to  the 
jH)sition  of  the  beds  which  they  tiaverse,  whether  these  be  horizontal, 
inclined,  or  contorted  ; thirdly,  acconling  to  the  direction  and  nimd)er 
of  lines  of  fmcture,  their  inclination  and  combination. 

Variatkm  in  Faults  from  nature  of  Ilochs  traversed. — When  faults 
tiaverse  a mass  of  rather  soft  and  yielding  beds  of  rock,  such  as  shales 
and  thin  sandstones,  the  fissures  themselves  me  often  mere  jdanes  of 
division,  just  as  if  the  rock  had  been  cut  through  with  a knife.*  In 

* Dr.  Tyii<l«ll  in  liis  Otu-iers  of  the  AIi>s  (p.  317X  has  a pnsango  tleseribing  the  first  fonim- 
tion  of  a erevnsfMJ  u{Km  a glacier,  which  Keenis  to  nie  highly  suggcHtive  of  wlmf  nm8t»>ccur 
in  the  first  fnictnre  of  the  rocks  which  makes  the  coimnenceinent  of  a fault.  After  ]K)iMtiiig 
*mt  that  crevasses  always  commence  ns  “ mere  narrow  cracks  which  o]>en  very  slowly  after- 
wan  Is,"  he  says,  “on  the  .Slst  of  July  1857,  Mr.  Hirst  ami  myself  having  complettHl  out 
day’s  work,  were  stamling  together  ujion  the  glacier  du  Geant,  when  a haul  dull  wmnd  like 
iJiat  pnaluced  hy  a heavy  Mow,  seemed  to  issue  fnmi  the  lM«ly  of  the  ice  nndemeath  the 
.spot  on  which  we  st<a)d.  This  was  suc<u!edc<l  by  a series  of  siiar))  rejairts,  which  were  heanl 
sometimes  above  us,  sonietiincs  Indow  us,  sometimes  up]miently  close  under  our  feet,  the 
inteiwnls  iKjtw’eeu  tlic  louder  reijorts  being  filled  by  a low  singing  noise.  W'e  tunnal  hither 
and  thither  as  the  direction  of  the  sounds  varied ; for  the  glacier  was  evidently  breaking 
Iwiieath  onr  feet,  though  we  could  discent  no  tnu-e  of  rui>turc.  For  an  hour  the  sounds 
•‘.ontiuued  without  our  l»eing  able  to  discover  the  source ; this  at  length  revc»ale«l  itself  by  a 
ni.sh  of  air  bubbles  from  one  of  the  little  jMsds  ui»on  the  .surfa<T  of  the  ghnder,  which  wa* 
intersected  by  the  newly  forme<l  iwcvasse.  We  then  traced  it  for  some  distance  up  ami 
down,  but  hardly  at  any  jdace  was  it  sufliciently  wide  to  jionnit  the  blade  of  my  jK-n 
knife  to  enter  it.” 

1 have  observed  a somewdiat  similar  effect  in  the  mdse  resulting  fnmj  the  first  crack, 
ojnl  the  subsetpient  slow’  opening  of  the  fissure  when  standing  on  the  deck  «>f  u vessel  that 
was  driven  stem  on  against  an  ice  flot\  in  t>nler  to  force  a way  through  it. 

Possibly  the  noises  heanl  during  an  earthquake  may  have  a similar  origin  in  tlie  cracking 
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Fig. 

Section  of  faulted  Ix^ds  without  distortion. 


this  case,  the  two  contiguous  surluccs  of  the  fault  are  very  frequently 
fouTui  to  l>e  quite  smooth  ami  polislied  l»y  the  enormous  friction  that 
has  taken  j)lace,  producing  tlie  appearance  well  known  to  geologists 
under  the  name  of  “ slickensides.”  In  some  cjises,  altliough  the  fractur* 
seems  quite  clean  ami 
sharj),  yet  the  1»eds  on 
eacli  side  are  traversed 
by  a great  nuiuber  of 
small,  Irregular,  and 
discontinuous  “ slick- 
ensitle  ” surfaces,  as  U'  a 
jaiTing  and  tremulous 
grinding  motion  had 
lieen  pnxluced  in  the 
inas-s  of  the  beds. 

Sometimes  the  bed.s 
end  abrui)tly  without 
juiy  distortion,  tig. 

3y  ; but  sometime.s 
they  .seem  to  have 
l»een  bent  and  pulled  d«»wn  along  the  plane  of  the  fault  to  a certain 
extent,  a.s  in  tig.  40. 

In  fig.  40,  the  bed.s  wouhl  be  said  to  “ rise  tow'ards  the  ui)throw,” 

and  “ dip  toward.s  tlie 
downthrow  and  this 
Is  naturally  the  most  us- 
ual occun'euce,  though 
1 believe  not  invariable, 
JUS  there  are  said  to  be 
instance.s  where  the 
verj'  opposite  of  thus 
takes  place,  ami  the 
bed.s  seem  to  “ ri.se”  to 
a dow^lthrow  fault 
When  faults  tra- 
verse very  hard  and 
unyielding  rocks,  such 
as  thick  har«l  giitstones, 
Imixl  limestones,  <jr 
harl  siliceous  slates,  ami  still  more,  if  they  i»enetrate  igneous  rocks. 


tSection  of  luids  «li.storte<l  hv  fitult. 


of  rocks  below  the  surface,  and  faiilUs  may  bo  aftorw  jmls  slowly  f<wnied  by  gradual  vertical 
displacement  along  these  cracks  <leei*  iKureath  the  surfan*  of  the  gnumd,  or  sometime.s  even 
ivaehing  up  to  it,  just  as  tlie  crevasses  afterwards  gape  slowly  at  the  surface  when  obe>'ing 
a differently  directed  impulse  fn»ni  tliiit  jiroductive  i»f  faults. 
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such  as  granites  and  felstones,  the  fissures  are  apt  to  be  much  wider, 
and  often  very  irregular.  If  the  original  fracture  shall  have  taken 
place  not  in  one  plane,  but  so  as  to,  produce  two  jagged  and  broken, 

or  uneven  and  irregular 
surfaces,  with  cavities 
and  protuberances  as  in 
fig.  41,  and  these  two 
surfaces  slide  one  over 
the  other,  it  is  very  un- 
likely that  they  would 
ever,  unless  restored  to 
their  original  position, 
be  made  to  ft  exactly  so 
as  to  close  again  upon 
each  other  throughout 
their  extent.  Protube- 
rance might  rest  against 
protuberance,  or  come 
Section  of  hard  beds  cut  by  uneven  fault,  and  consequent  against  a hollow  not 
cavities.  ^ 

requisite  form,  to  receive  it,  and  thus  the  tw^o  walls  of  the  fissure  w ould 
be  kept  partially  and  irregularly  apart,  the  fissure  being  closed  in  some 
places  and  open  in  others.  In  fig.  41,  an  uneven  fracture  having  tra- 
versed the  hard  beds  A,  B,  C,  D,  and  dislocation  taken  place,  the  result 
would  be  the  irregular  fissure  E F. 

It  is  true  tliat  the  grinding  process,  as  the  surfaces  moved  upon 
each,  would  often  greatly  diminish  this  irregularity,  and  in  soft  rocks 
probably  obliterate  it  ; but  in  hard  rocks  it  is  mucli  more  usual  to  find 
the  irregular  openings  above  described  still  remaining. 

AVliere  alternations  of  hard  and  soft  beds  occur,  there  may  be  a 
combination  of  the  tw'o  effects,  the  fissure  being  quite  closed  wdiere  soft 
beds  are  brought  together,  or  even  where  soft  beds  are  brought  against 
hanl,  but  more  or  less  open  where  tw^o  hard  beds  come  in  contact 

In  speaking  of  open  fissm-es,  however,  it  is  by  no  means  intended 
to  assert  tlie  frequency  of  fissures  now  open  and  empty.  They  are 
almost  invariably  filled  with  materials  either  derived  from  the  ruins  of 
the  adjacent  rocks  at  the  time  of  the  fractiuxi  occurring,  or  afterwards 
brought  into  them. 

Some  fissimjs,  even  in  the  most  soft  and  yielding  rocks,  have  been 
kept  open,  or  rather  the  sides  of  the  fault  kept  apart,  by  fragments  and 
debris  that  w’ere  dragged  into  them  at  the  time  of  their  occurrence. 
Such  fragments,  often  of  large  size,  are  found  • along  the  lines  of  faults 
both  vertically  and  laterally,  for  in  tracing  the  line  of  a fault  along  the 
surface  of  the  ground,  we  often  find  lumps  and  i)atches  of  the  broken 


large  enough,  or  not  of  the 
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beds,  even  some  yards  in  diameter,  canght  by  the  way,  and  serving  to 
point  out  the  direction  of  the  fault. 

Variation  of  Faults  in  effect  according  to  inclination  of  Beds 
traversed. — As  it  is  comparatively  rare  to  find  beds  in  a strictly  hori- 
zontal position  over  any  considerable  area,  it  is  necessary  to  study  the 
effect  of  faults  on  inclined  beds,  and  on  beds  with  an  inclination  vary- 
ing either  in  angle,  in  direction,  or  in  both.  If  any  bed  or  set  of  beds 
“striking’’  in  a given  direction,  and  “ dipping”  at  a given  angle,  be 
broken  through  by  a 
fault,  the  effect  of  the 
vertical  “ throw”  is 
to  produce  at  the  sur- 
face the  appearance 
of  a lateral  “ shift.” 

Let  fig.  42  be  a 
horizontal  plan  of  the 
outcrop  of  a set  of 
be«ls,  of  which  we 
may  suppose  a a io 
be  a limestone  inter- 
stratified  with  sand- 
stones and  shales, 
and  that  they  all  dip 
steadily  to  the  north 
at  an  angle  of  25°, 


Fig.  42. 

Plan  of  tho  surface  of  inclined  beds,  traversed  by  a fault  which 
produces  an  ap|iarcnt  lateral  shift. 


North 


and  tliat  these  beds  are  traversed  by  the  fault  h 6,  causing  a “ down- 
throw” to  the  east,  or  an  “ upthrow”  to  the  west,  w'hich  is  the  same 
thing  ; then  the  outcrop  of  the  beds  will  be  farther  south  on  the  east 

side  of  the  fault 
than  they  are  on 
the  west. 

To  render  this 
more  evident,  let 
fig.  43  be  a dia- 
grammatic section 
drawn  from  south 
to  north  along  the 
direction  of  the  line 
Fig.  43.  of  fault,  shewing 

DiagTammatic  section  of  llg.  31,  to  ex]dain  the  api»arent  beds  on  lK)th 
lateral  shift  of  an  inclined  bod  along  a horizontal  lino  when  it  is  sides  of  it,  and  let 
moved  vertically  across  it  ^ only  at  the 

limestone  a «,  disregarding  the  other  beds.  If  we  suppose  the  part  {h) 
dropped  vertically  dovm  to  (c),  and  the  part  (d)  in  the  former  continua- 
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tion  of  the  lx,**!  down  (t*),  it  is  clear  that  a vertical  thiwv  of  the  Uf<l 

a a on  one  side  of  the  fault  will  place  it  in  the  jx^sition  d a on  the 
otlier  side  of  the  fault,  the  i\jsj>ective  outcrojw  of  the  two  pieces  of  the 
same  lx?<l  being  at  the  ])resent  surface  of  the  gix>und  at  the  }>oints  h t. 
In  other  wortls,  the  ajipareiitly  lateral  shift  of  the  outcrop  of  a a in  the 
plan,  fig.  42,  law  been  j»roduce<l  by  the  vertical  throw  of  tlie  inclim*<l 
laxis  on  opposite  sides  of  the  fault.  The  figure  43  may  J)erhap.s  lx* 
more  reiulily  understo(xl  if  it  be  cojned  on  a separate  ])iece  of  tracing 
]wij)er,  and  then  the  tracing  paper  place<l  over  the  figure,  so  that  d d 
.should  coincitle  with  d h;  if  then  the  ])iece  of  pa]X'r  lx*  moved  verti- 
cally down  the  page,  kee]>ing  the  <lotte<l  lines  d e and  b c on  the 
tmcing  ]Mij)er  over  those  in  the  wofxlcut,  it  will  l>e  seen  that,  while  the 
movement  of  the  ija|xr  i.s  vertical,  the  bod  n a will  tmvel  latendiy 
along  the  horizontal  line  from  north  to  south,  so  that  from  b it  will 
gradually  arrive  at  e. 

It  will  lx*  seen  that  the  higher  the  migle  at  which  the  beils  dip,  the 
less  will  lx*  the  apj)ar(mt  shift  at  the  surface  pi-oduce<l  by  the  same 

amount  of  throw.  In 
fig.  44,  the  angle 
of  inclination  is  in- 
creased  to  GO®,  the 
vertical  throw,  or  the 
<li  stance  between  /> 
and  c,  n*mains  the 
sjime  Jis  in  fig.  43 ; 
but  it  is  obvious  that 
the  apjKUX'iit  lateral 
shift  or  di.stance  be- 
tween b ami  e is 
gix*atly  diminished. 
This  diminution  would  continue  with  the  increase  of  the  iuigle  of  in- 
clination, until  the  beds  were  actually  vertical,  when  it  is  plain  that 
no  amount  of  vertical  throw  could  ])rt)duce  any  ajtparent  lateral  shifting, 
for  the  ends  of  the  l)eds  in  the  o])]>o8ite  sales  (»f  the  fault  would  merely 
.sli«le  up  or  down  along  each  other.  In  a set  of  vertiad  beds,  then,  it 
would  be  almost  impossible  to  detect  a fault,  however  gix*at  may  have 
been  the  real  fissure  and  dislocation.  On  the  contrary,  when  the  betls 
lie  at  a very  low  angle,  a very  small  dislocation  shifts  the  outcrop  (»f 
the  beds  in  a v'ery  remarkable  manner. 

It  is  obvious,  from  an  inspection  td  figs.  43  and  44,  that  if  we 
know  the  inclination  of  the  beds,  and  the  amount  of  the  veitical 
“ throw”  of  the  fault,  we  may  easily  ailculate  what  will  be  the  apjwirent 
shift  of  their  outcro])  at  the  surface  ; ami  if,  therefoiv,  we  find  the  outr 
crop  of  one,  it  will  Ix^  easy  to  discover  the  outcrop  of  the  other. 
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On  tl)fc  other  Imnd,  if  we  know  the  distance  l>etween  the  ontcrf>]»  (»f 
the  iKids  on  o|tjK>site  sides  of  the  fault,  aiul  their  angle  of  inclinatioji,  it 
will  he  easy  to  ailciilate  the  ainmint  of  tlie  vertical  “ thn»w,”  or  to 
•liscover  the  depth  (or  disUince,  h c)  at  which  the  «»ne  ]>art  of  the  he<l 
will  he  found  lower  than  the  a>rresjH)Tiding  jMiint  on  the  <»ther  sale  <»f 
tlie  fault. 

In  praotice,  allow'ances  have  to  he  made  for  iiTegularity  in  the  sur- 
face t)f  the  ground,  and  for  variations  in  the  angle  of  inclinathm  of  the 
IkhIs,  and  also  for  changes  in  the  amount  j>f  “throw”  in  the  fault,  hut 
in  the  alsn'e  consideration  of  the  simplest  case  lie  the  elements  of  mucli 
[iractical  utility  in  mining  and  other  ojK-mtiims.  In  the  Aj»jKUjdi,x  will 
l*e  fouiul  a table,  that,  among  other  things,  will  show  the  relations  he- 
tweeii  the  dip,  the  throw,  and  the  sliift  or  heave  of  dislocated  he<ls, 
jH»inting  out,  when  any  tw'o  of  these  are  known,  the  value  of  the  thinl. 

That  this  ainwirent  lateral  shift  at  the  surface  is  ivally  due  to  veili- 
^7ll  elevation  or  depression,  may  Ik;  shewn  further  hy  examining  its 
etfec.t  mi  hells  throwni  into  anticlinal  and  synclinal  cun’e.s. 

Let  fig.  45  l>e  a plan  in  which  a a a is  a hed  having  a synclinal  or 
hasin-shapHl  dej»re.ssion  at 
S S,  and  an  anticlinal  form 
at  A A,  dipping,  as  shewn 
hy  the  arrow's,  at  an  angle 
of  h(U  in  each  direction,  and 
let  it  he  tni versed  hy  the 
fault  F F.  It  is  clear  that 
no  lateral  shifting  will  ac- 
etjunt  for  the  j daces  of  the 
broken  ends  of  a a on 
«r])posite  sides  of  the  fault, 
since  they  are  shifted  in 
opjM)site  «lirections  ; while 
tlieir  present  |s»sitions  art; 
eiisily  and  oh\-iouslv  ac- 
txaintetl  for  on  the  supposi- 
ti«»n  t>f  a vertiwd  elevation 
on  the  sitle  of  the  fault 
marked  a u,  or  de]tivssion 
t»n  tlmt  nuirked  d </,  ami  a suhse<iuent  planing  down  td'  tin*  wliole 
to  one  level  surface.  If  we  »lraw  two  sections  j»amllel  to  the  faidt,  and 
t>n  ojipositt;  sitles  of  it,  one,  as  in  fig.  4fi,  along  ti  u,  the  uj)cast  sitle, 
mill  the  other,  as  in  fig.  47,  ahmg  d d,  the  downcast  .sitle,  putting  in 
the  IhkIs  with  a dip  td’  fio",  as  directed  hy  the  arrows  in  the  jtlan,  we 
slioiild  at  once  see  that,  in  fig.  4G,  on  the  ujK'ast  side  of  the  fault,  the 
bt'tls  will  nuK;t  helow  S,  at  a jMiint  much  nearer  the  surface  than  tliey 
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Plan  of  nnticliiinl  an«l  rtpiclinal  ctirvi*  traTer»f«l  by  a 

fault. 
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do  in  fig.  47  on  the  downcast  side  ; in  other  w'ords,  that  the  bottom  of  the 
synclinal  Is  at  a higher  level  in  the  first  than  the  last  case.  In  the  same 

way  the  point  over  A,  where 
the  anticlinal  lines  would  meet 
if  produced,  is  higher  above 
the  surface  in  fig.  46  than 
in  fig.  47,  or  the  whole  of 
the  bed  a a is  more  nearly  out 
of  tlie  ground  in  fig.  46  than 
in  fig.  47.  It  is  plain  that 
these  appearances  are  the  re- 
sult of  the  vertical  elevation 
of  the  beds  on  one  side  of  the  fault  F F in  fig.  45,  or  their  vertical 
depression  on  the  other  side  of  it.  Tlie  greater  the  throw  the  more 
widely  will  the  outcrops 
of  a sjuiclinal  curved 
betl  be  sejmratcd  on  the 
dow'iicast  side,  and  the 
more  nearly  w'ill  the  out- 
crops of  an  anticlinal 
curv'cd  bed  be  brought 
together,  while  on  the 
upcast  side  of  the  fault 
the  reverse  is  the  case,  the  outcrops  of  a synclinal  curve  will  be  brought 
together,  and  those  of  an  anticlinal  wnll  be  separated. 

When  either  the  angle  of  the  dip  or  direction  of  the  strike  of  the 
beds  vary  along  the  course  of  a fault,  its  efiect  upon  the  position  and 
form  of  their  outcrop  becomes  equally  various.  Tliis  eflFect  may  be  still 

farther  complicated  by 
a change  in  the  amount 
of  the  “ throw'  ” of  a 
fault  in  diflerent  parts 
of  its  course. 

The  variations  in 
Faults  according  to 
their  direction j number ^ 
inclination,  and  com- 
bination.— We  *have 
hitherto  supposed  the 
fault  to  run  directly 
across  the  beds,  or 
nearly  so,  but  some 
faults  may  either,  in  the  W'hole  or  in  part  of  their  course,  run 
obliquely  to  the  strike  of  the  beds,  instead  of  directly  across  it,  and 


Xortk- 


Stiuih 
Fig.  48. 

Fault  along  strike.  Pian. 
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instances  may  occur  of  dislocations  even  running  along  the  strike,  so 
as  to  entirely  conceal  some  of  the  beds,  as  in  fig.  48,  which  is  a plan, 
where  the  fault  F F,  run- 
ning directly  along  the 
strike  of  the  beds,  conceals 
part  of  No.  2,  the  whole 
of  3 and  4,  and  part  of 
No.  5,  as  may  be  seen  by 
the  section,  fig.  49. 

If  the  magnitude  or 
throw  of  the  fault  dimi- 
nishes in  one  direction,  we 
should  have  some  of  the.se 
beds  coming  out  in  that 
direction,  as  in  fig.  50, 
producing  a slight  variation  „ „ 

in  the  strike  of  the  beds. 

Many  other  modifications  may  arise  according  to  the  variations  in 


the  direction  of  the  fault.s,  \^dth  respect  to  the  strike  of  the  beds,  or 
in  the  amount  of  their 
“ throw.” 

Single  or  Comf^nd 
Faults. — The  number  and 
association  of  faults  also 
requires  consideration  in 
order  to  properly  imder- 
stand  their  efi'ects. 

K we  suppose  a single 
line  of  fault  only  to  exist, 
it  involves  the  assimip- 
tion  that  the  beds  have 
been  bent  or  bulged  either 
upwards  or  downwards  on 
one  side  of  the  fault,  or  upwards  on  one  side  and  do\STiwards  on  the  other. 
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If  ill  fig.  51  we  «n])]H>se  the  line  a h to  be  a cmck  or  fissure  tuv 
versing  a set  of  be«ls,  or  if  we  sujipose  it  to  be  a crack  in  a ]>lank  of 
wo<h1,  or  any  other  Ilexible  substance,  ending  each  way  witliout  meeting 
with  any  other  crm;k  or  fissure,  it  is  olivioiis  that  although  the  parts 
will  be  st'trred  along  it,  they  will  not  l»e  shifted  vertiailly  unless  some 

force  be  a])plied  to 
])ush  or  bend  u]»wanLs 
or  downwanls,  jus  in 
fig.  52,  the  }»art  on 
one  side  of  the  fis- 
suiv,  while  the  other 
jiait  is  held  bust,  or 
j)ushe<l  in  the  oj)|n>- 
site  direction. 

In  fig,  52  some 
beds  are  supposed  U) 
Ikj  cracked  bv  the 
fissure  a //,  and  the 
]>art  c to  have  betui 
SiiigU- iiiu' fault,  {mxluet'd  by  l>emiiii|;  of  bcils  on  one  side  of  l)eut  down  but  We 

might  just  as  eitsily 

have  supjM)sed  the  part  f/bent  up,  or  both  operations  to  have  taken  i)liu'-e 
simultaneously.  Without  some  such  betiding  no  dislocation  could  Imve 
occurretl. 

Such  “ single-line  faults”  have  been  produce»l,  as  is  jiraved  in  coal- 
mining. They  generally  have  one,  but  .sometimes  more  jiomts  of  ma,\i- 
muin  “ throw”  near  the  centre,  and  gradually  diminish  each  way  till 
they  die  out.  Not  unfreijuently  tliey  split  towaixls  one  or  both  extre- 
mitif^,  as  is  shewn  in  the  plan,  Fig.  5.3,  in  which  the  main  fault  n b is 


Fig.  5.1. 

Plan  of  fault  splitting  at  the  onds. 


seen  to  be  split  into  three  at  one  eiul  and  two  at  the  other.  The  figuri‘s 
repre.sent  the  amount  of  the  downthrow  :it  each  point,  in  fei^t,  yards,  or 
Cathom.'s,  as  tlie  ca.se  may  be. 

The  }>lan  of  a fault  given  in  fig.  53,  is  taken  from  that  of  tlu^ 
liunesfield  fault  in  the  South  Staflbrdshirc  coal-field,  the  figurcs  in  that 
case  being  yards. 

It  is  possible  that  this  bemling  of  the  Iwds  along  the  line  of  fault 
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nijiy  occur  more  than  once,  so  that  they  may  be  thrown  into  undula- 
tions, and  thus  nions  tlian  one  maximum  tluow  may  be  ]>roduced.  Tliis 
undulation,  too,  may  also  become  great  that  the  downthrow  may 
change  sides,  as  is  attempted  to  be  8he\vni  in  fig.  54.  This  actually 
occurs  in  nature  sometimes,  the  fault  appearing  to  die  awav  when  the 
beds  come  together, 
and  then  to  set  on 
agjiin  with  a disloca- 
tion in  the  ojjposite 
direction.  The  fig. 

54,  however,  i.s  to 
be  taken  as  a mere 
diagram  t«>  help  the 
explanation,  and  not 
as  an  actual  rej)re- 
sentatioii  of  nature, 
where  the  urnlula- 
tions  are  mrely  if 
ever  so  rajud,  and  ar«* 
never  apitiirent  at  the  surface  of  the  ground,  which,  a.s  ^v^ll  l>e  j)re.sently 
shewn,  is  in  all  ciuses  a smiace  of  denudation  proiluced  subsequently  to 
all  subteiTanean  movements.  Single  lines  (*f  fracture  are  probably  in 
general  much  more  extensive  than  the  actual  tlislocated  si>aces,  since 
such  l>eiulings  and  bulgings  as  arc  here  shcA^m  to  be  neces.sary  to  cause 
dislocation,  would  be  more  likely  to  occur  near  the  central  portions  of 
a l'ra(5lure  than  near  its  extremities. 

When  there  is  more  than  one  line  of  fracUire,  the  fact  of  dislocation 

becomes  more  easy  to  ^understand,  .since 
there  is  no  difficulty  in  concei\nng  that 
the  angle,  or  corner  of  ground  includeil 
between  the  intersection  of  two  faults, 
has  been  droj)ped  down  below,  «)i* 
s(j[ueezed  up  above  the  cori’esjKmding 
beds  on  the  outside  of  them.  In  the 
plan  fig.  55,  let  a b and  c h be  two  faidts 
meeting  in  the  point  the  included  poi  t, 
f/,  may  l>e  either  depressed  l^elow,  oi- 
mised  above  a h c.  Even  in  this  wise, 
however,  the  beds  on  one  side  or  other 
of  the  faults  must  be  bent  up  or  down 
in  the  tlirection  of  e </,  because,  as  the 
two  faults  end  or  die  out  at  a and  r,  the  whole  of  the  beds  must  be 
on  the  siuuc  level  there,  and  one  part  or  other  must  change  that  level 
in  proc»  eiling  in  the  direction  e d. 

9 


Fig.  .04. 

Singlf  linod  fault,  with  nlterationH  of  throw  produced  by  undu- 
lations of  hi-dK  along  it. 
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There  is  a modification  of  this  case  sheA^m  in  fig.  56,  where  we 
have  one  long  continuous  fault  A B,  with  one  or  more  lateral  branches, 
c dy  e fy  i k'y  ctc.,  proceeding  out  of  it,  or  leading  into  it,  as  we  may 

k 


Fig.  56. 

Great  fault  with  lateral  branehes.  Plan. 


choose  to  consider  them,  and  either  on  one  or  both  sides  of  it.  In 
this  case,  while  the  whole  mass  of  ground  is  thrown  down  on  one  side 
of  A B,  with  respect  to  the  other,  the  particular  portions  between  c c/, 
e /,  or  the  comers  between  any  one  of  them  and  the  main  fault  may 
have  additional  minor  dislocations  of  their  own. 

A long  powerful  fault  is  often  ‘composed  in  the  whole,  or  part  of 
its  course,  of  a number  of  i)arallel  fissures  very  close  together,  along  a 

narrow  band  of  coun- 
tiy,  breaking  the  rocks 
into  a corresjwnding 
number  of  steps,  as  in 
Fig.  57,  which  either 
“ throw  ” all  in  the 
same  direction,  or 
having  .some  steps  in 
opposite  directions, 
produce  a balance  of 
“ throw  ” in  one  direc- 
tion, so  that  it  is 
treated  as  one  wide 
fault. 

In  order  to  have  any  mass  of  beds  entirely  cut  off  on  all  sides  from 
those  that  surround  them,  and  wholly  depres.sed  below,  or  raised  above 
them  on  every  side,  it  is  obviously  necessary  that  we  should  have  at 
least  three  straight  faults,  or  one  or  two  curvilinear  faults  surrounding 
the  fractuied  piece  of  ground.  Such  completely  separated  masses  of 
ground  let  in  bodily  among  a strange  set  of  beds  may  jwssibly  occur  in 
nature,  though  they  are  very  rarely  to  be  met  with.  No  case  of  the 
kind  ever  came  imder  my  own  personal  observ'ation  ; supposed  instances 
at  Boumahon,  in  County  Waterford,  being  now  believed  to  be  cajjable 
of  another  explanation. 

Rtlation  between  the  inclinatim  of  a Fault  and  the  direction  of  it$ 


Fig.  57. 
Step  faulUs. 
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Throw. — Faults  and  fissures  are  sometimes  vertical,  as  at  A,  fig.  58, 
but  more  commonly  inclined  at  various  angles,  even  so  low  in  some 
instances  as  20®,  as  at  B,  fig.  58. 


Fig.  58. 

Vsiried  inclination  of  faulta,  and  relation  between  the  “ liadc"  of  a fault  and  tho 

dirc(;tion  of  its  throw. 


In  speaking  of  the  inclination  of  a fault,  it  is  better  not  to  use  the 
term  “dip”  as  if  it  were  a Ix^d,  but  to  adopt  that  of  “ hade  ” or 
“ underlie.”  In  inclineil  faults,  and  it  almost  always  happens  that 
faults  are  inclined,  there  is  one  nearly  invariable  nile,  which  is,  that 
the  fault  “ hadfe''  or  “ underlies'^  in  the  direction  of  the  downthrow. 

As  a corollurA’  of  this  rule  also,  another  eipially  important  one  may 
be  stated,  namely,  that  however  inclined  may  be  the  fault,  no  j>art  of 
any  bed  vdll  ever  be  brought  vertically  under  another  jnxrt  of  it^  and 
therefore  .superior  lieds  can  never  be  brought  by  any  fault  under  those 
originally  below  them.  ^ 

Small  exceptions  to  these  rules  may  sometimes  occur  in  rare 
instances  ; when  they  do,  the  fault  that  pnxluces  them  is  called  a 
reversed  fault. 

In  fig.  58,  for  instance,  the  fault  between  B and  C hades  under 
the  downca.st  piece  of  the  bed  («  a)  ; and  it  is  obviously  impossible  for 
a verticiil  fault,  or  one  inclining 
in  the  j>roper  direction,  to  bring 
any  part  of  the  bed  a a vertically 
beneath  another  part,  and  con- 
sequently no  i)art  of  the  Ijeds 
above  a a can  ever  be  brought 
underneath  it,  as  they  would  be 
in  the  imaginary  and  exceedingly 
rare  ca.se  in  fig.  59. 

I have  never  myself  met  with 
any  exception  to  this  rule,  except 
on  a very  small  scale,  and  where  it 
might  easily  happen  that  the  ex- 
ception was  more  apparent  than  real,  the  apparent  inclination  of  the 
fault  being  merely  a local  bend  or  indentation  in  a verticid  or  nearly 
vertical  fault.  A aise  of  real  occurrence  of  a “ reversed  fault  ” Inis, 

M 2 


Reversed  fault : of  very  rare  occurrence. 
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liowever,  been  lately  tlescribed  by  Mr.  G.  H.  Kinalian,  from  the  infor- 
mation of  Mr.  Etlge,  tu»  to  tlie  [>osition  of  some  beds  in  a coUieiy  in  tlie 
Queen’s  County,  Irelainl.  (See  Journal  Oral.  aSoc.  l)ab.^  vol.  viii.) 

The  reason  of  thi.s  rule  is  sulHcieiitly  easy  to  understiuul  wlien  we 
c/)me  to  look  at  faults  on  the  laroe  .scale.  Sui)jiose  that  in  the  dia- 
i^Tam,  tig.  60,  we  have  a section  of  part  of  the  earth’s  crust,  of  which 


Fiy.  GO. 

A B i.s  the  surface,  and  C D a deep-seated  ]tlane  acte<l  on  by  some  wide- 
s]iread  force  of  expaiLsion  tending  to  bulge  upwards  the  j)art  A H C L). 
If,  tlien,  a fracture  take  place  along  the  line  E F,  it  is  obvious  that 
the  expanding  force  will  on  the  side  of  A C liave  tlie  wide^it  ba.'<e,  C F, 
to  act  upon,  while  it  will  have  a pro] tort ionately  less  ina.'ss  to  mo\*e 
in  the  jiart  A E C F which  grows  gmdually  smaller  towaixls  the  surface, 
than  on  the  other  side  of  the  fault,  where  with  the  smallerba.se  F D,  the 
imtsa  F D 1>  E continually  grow.s  larger  towards  the  suiface.  Tlu*  ma.s.s 
G will  conse(]Uently  lie  much  more  likely  to  be  mised  into  the  jKtsition 
A € C t\  than  the  lUJiss  H into  the  jtosition  D f B e,  the  elevation  of 
which  could  hartlly  take  [tlace  without  leaving  a great  o]>eii  ga}»  along 
the  line  of  fault  between  F E and  /'  e,  and,  moreover,  without  leaving 
the  jtrojecting  ]»iece  e overhanging  without  any  support. 

This  is  3’et  more  clearly  ]>ercej)tible  if  we  su]»pose  two  .such  ti.s.siires. 


as  in  tig.  61,  inclining  towainls  each  other,  since  if  we  .suj>j)ose  tlie 
included  piece  I to  be  elevated  into  the  jiosition  indicated  by  the  doUeM 
lines  it  becomes  utterly  unsu]>ported  ; mdess  we  su]>]K»se  huge  dykes  or 


INVEKTED  BEDS  FAULTED. 


259 


ejections  of  igneous  i*ock  t»>  issue  out  along  each  fault,  which  would 
I’einove  the  case  from  the  class  f>f  fractures  we  are  at  ])resent  considering. 

In  another  case  which  we  might  imagine,  that  of  two  pamllel  faults 
inclining  in  the  same 

direction,  as  in  tig.  \ \ 

; the  included  a ' t V n 

j)iece  I might  he  ele- 
vated without  leaving 
an  open  fissure,  hut 
still  the  !>{irt  / would 

oN'erhang  in  an  unsuj)-  c 

jHjrted  coiulition,  ami 
tile  enonnous  friction 


G 


]I 


D 


Fig.  «2. 


along  two  sides  of  the  jiiece  I would  have  to  he  ovem>me.  1 am  not  awTin- 
indeed  of  any  case  similar  to  this  having  heeii  even  supposed  hy  any  »>iie. 

Professor  II.  D.  Rogers,  in  hi.s  ]>aper  on  the  “ Laws  of  Structure  of 
tlie  more  dLsturhed  Z^Jiies  of  the  Earth’s  Crust”  {Trans.  Royal 
Edin..,  vol.  xxi.  p.  3),  in  descrihing  faults  along  the  axes  of  anticlinal 

curves,  where  inver- 
sion hits  taken  plac*; 
on  one  side  of  the 
anticlinal,  sjieaks  of 
the  uninverted  part  ol 
the  anticlinal  ha\ing 
heeii  thrust  ui>  the  in- 
clined jdai  iC  of  the 
fault,  over  some  of  the 
inverted  heds,  as  in 
fig.  03. 

Professor  lictgei> 


Fig.  63. 

luvoraion,  witli  n-versfd  fault. 


does  not  allude  to  the  fact  of  this  form  pnxlucing  a rtvtrssd 
fault,  nor  is  it  ciuite  clear  in  his  ]Ki)»er  whether  the  structun*  thus 
descrihed  has  been  absolutely  observed  in  sections,  or  is  merely  in- 
tnxluced  hyjtothetically  as  an  explanation  of  certain  phenomena.  If 
jKitually  observed,  a ilebiiled  de.scription  (»f  the  loaility  would  be  inte- 
resting, neither  am  1 pi^-pared  to  comluit  the  hypothe.sis,  if  it  be  one, 
since  it  is  just  in  such  greatly  disturbed  di.stiicts  that  “ revei-seil  ” faults 
are  likelv  to  occur. 

1 believe  that  the  rule  as  to  the  relation  between  the  inclination  of 
A fault  and  the  direction  of  its  thn>w  might  be  .still  fiu'ther  generalise*! 
so  as  to  include  also  the  direction  of  iU  “ heave  ” or  “ shift,”  .so  that  the 
mle  might  be  stated  thii.s  : — JVo  fault  travtrsiny  any  set  of  heds  icill 
make  an  acute  anyle  mt/i  the  same  hed  on  both  sides  of  the  fault." 

The  |)osition  of  the  be<ls  shewn  in  fig.  59,  in  which  a bed  a « is 
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cut  hy  a fault  F F so  as  to  have  an  acute  angle  on  both  sides  of  it,  is 
then  generally  an  impossible  one  (except  as  a small  local  occmrence 
in  a greatly  disturbed  district),  whether  we  regard  the  figure  as  a ver- 
tical section  or  a horizontal  plane. 

Trough  Faults. — Faults  ordinarily  extend  indefinitely  dowTiVTards. 
We  cannot  comprehend  the  possibility  of  fracture  and  displacement 
having  taken  place  in  any  uncontorted  set  of  beds  without  all  those 
below  having  been  equally  disturbed,  unless  we  come,  to  a part  where 
another  fracture  occurs,  producing  an  equal  amount  of  displacement  in 
an  opposite  direction.  This  junction  between  two  opposite  faults  ]>ro- 
diices  what  is  often  called  a “ trough,”  the  faults  being  called  a “ }>air 
of  faults.”  Tlie  opposite  faults  of  a trough  may  be  either  unequal  in 
‘‘  throw,”  as  a c and  1 c,  in  the  trough  A,  or  equal,  as  d e,/  e,  in  trough 


Fig.  64. 
Trough  Faults. 


13.  In  the  former  case,  the  displacement  affects  the  whole  mass  of  the 
.surrounding  rock,  as  may  be  seen  by  tracing  the  bed  X through  the 

dislocations  ; in  the 
latter  case,  it  only 
affects  the  mass  B, 
which  is  included 
between  the  faults. 
In  the  latter  case,  we 
may  see  that  the  bed 
X on  the  outside  of 
the  trough  B is  on 
the  same  level  on 
both  sides. 

Tlie  mode  of  ex- 
planation of  these 
trough  faults  that 
seems  to  me  the  most  probable,  if  not  the  only  one,  is  the  following  : — 
Suppose  the  beds  A A,  B B,  etc.,  to  have  been  fonnerly  in  a state  of  ten- 
sion, arising  from  the  bulging  tendency  of  an  internal  force,  and  one 
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fifisure,  F E,  to  have  been  formed’  below,  which  on  its  course  to  the 
surface,  splits  into  two,  E D and  E C,  as  in  65.  If  the  elevatory 
force  were  then  continued,  the  wedge-like  j)iece  of  rock  W,  between 
these  two  fissures, 
bemg  un-supported, 
as  the  rocks  on  each 
side  separatetl,  would 
settle  down  into  the 
gap,  as  in  fig.  66. 

If  the  elevatorj’  ac- 
tion were  greater  near 
the  fissure  than 
farther  fi-om  it,  the 
single  fiswure  below 
would  have  a ten- 
dency to  gape  up- 
wards, and  swallow  down  the  wedge,  so  that  eventually  this  might 
settle  dowTi,  and  become  fixed  at  a point  much  below  its  previous 
relative  position.  Considerable  friction  and  destruction  of  the  rocks, 
so  as  to  cut  off  the  comer  g h (fig.  66)  on  either  side,  would  probably 
take  place  along  the  sides  of  the  fissures,  and  thus  widen  the  gap,  mid 
allow  the  wedge-shaped  piece  W to  settle  down  still  farther. 

When  the  forces  of  elevation  were  withdravm,  the  rocks  woultl 
have  a tendency  to  sink  down  again  and  resume  their  original  positions, 
but  these  newly  included  wedge-shajied,  and  other  masses,  would  no 
longer  fit  into  the  old  spaces,  so  that  great  compression  and  gieat  lateral 
pressure  might  then  take  place. 

Tlie  reader  must  recollect  that  the  figs.  65  and  66  are  mere  dia- 
grams to  assist  his  comprehension,  and  not  actual  representations,  in 
which  there  would  necx^ssarily  be  introduced  a much  greater  amount  of 
irregularity  and  comple.xity.  This  may  be  seen  by  an  inspection  of 
fig.  67,  which  represents  the  commencement  of  a ti-ough  fault,  in  the 
middle  of  the  Thick  coal  of  South  Staffordshire.  Tliis  was  carefully 
drawn  to  scale  by  a competent  obser\'er,  Mr.  Johnson  of  Diulley,  from 
the  side  of  a “ gate  road”  in  the  Victoria  colliery  at  West  Bromwich. 
It  shews  the  arching  of  the  beds  and  their  fracture  by  nuujerous  small 
fissures  on  each  side  of  the  main  fracture,  where  the  beds  gaped  and  let 
in  a wedge-shaped  piece  of  the  beds  above.  On  each  side  of  this 
“ trough  fault  ” the  coal  marked  B B was  reduced  by  pre.ssure  to  a 
state  res(‘mbling  “ a paste  of  coal  dust  and  very  small  coal,”  while  the 
jmrts  marked  C were  uninjured.  Tlie  total  tliickness  of  the  coals,  which 
here  constitute  the  Thick  coal  is  about  ten  yards,  and  the  length  of  the 
gate  road  shewn  in  the  figure  about  100  yards.  {Mems.  Geol.  Survey^ 
& Staff.  Coalfiddy  2d  edit.,  p.  194.) 
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It  seems  certain  liere  that  the  beds 
were  an;hed  and  cracked  in  the  centre,  so 
as  to  incliule  the  wedj.je-shai>ed  nuuss  A., 
and  that  on  settling  down  attain  that  j)iect- 
prevente«l  the  beds  regaining  their  I'onner 
position.  The  vertical  dovniwaixl  tendency 
then  resulting  fn»ni  the  pre.s.siire  of  the 
superincumbent  ma.<s  would  here  be  traiLS- 
t'erred  to  a lateral  ])ressure,  tending  to 
crumple  and  dislocate  the  beds  on  each 
side. 

Literal  Pressure. — We  have  already 
.seen  that  the.  appeamnce  of  lateral  motion 
having  taken  place  in  beds  is  often  a 
fallacious  one.  We  have,  however,  in  the 
above  considemtions,  a true  cau.se  of  lateral 
pre.ssuie,  which  may  sometimes  ojK*nite  <»n 
a far  larger  scale  than  the  little  examph* 
just  quoted.  Tile  vast  anticlinal  and  s\ii- 
clinal  curves  into  M*hich  great  mountiiin 
masses  are  usually  llmAni  may  originate 
in  very  much  the  same  way*  as  the  minor 
cnicks  luid  .squeezes  in  this  ca.se. 

Coniiectioii  hetireen  Faults  and  Van^ 
tort  tons. — As  the  result  f»f  my  own  ex]>eri- 
ence,  I may  aftirm  that  it  is  coini)amtively 
rare  to  find  a district  greatly  contorteiL, 
and  al.s^)  tmvemsl  by  large  faults  ; and,  on 
the  other  hand,  wherever  a district  Is  much 
broken  by  faults,  the  mas.ses  of  groiuid 
between  the  faults  are  usually  but  slightly 
bent  and  cxmtoiled.  This  is  what  we 
should  d priori  expect  to  be  the  case,  since, 
if  the  internal  forces  of  disturbance  acting 
iqxiii  a portion  of  the  earth’s  crust  succetMl 
in  breaking  it  through  before  they  lieiid  it, 
the  fuilher  result  will  be  nmst  likely  to 
increase  the  dislocations  mther  than  to 

• Tlie  n^asoiiiiif^nlxive  ;rivi>n  was  worked  out  iluriitK 
tlie  survey  of  the  Bouth  Btatford  eoninuhl  in  1.S4T  nud 
1S4.S.  1 have  lately  ohsenotl  that  Professor  Phiili|>s, 

in  his  aceoiint  of  the  Malveni  ilills,  in  the  .si'eoini 
volume  of  the  Memoirs  4if  the  Geological  Hun’ey,  jx 
14*2,  hail  arHved  at  similar  resnlt-s  by  similar  n-asdning 
some  years  befoiv. 
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bfiiil  tlie  part^  Letweeii  tht'iii,  while  in  tho!?e  ])arts  where  they  ilo  not 
encceed  in  wiii.‘»ing  fractiire.s  the  whole  force  will  he  exi)en<le(l  in  jwo- 
duciii}4  a bending  and  eurA'ature  in  the  rocks. 

Tliis  is  true  both  of  ditl'erent  areas  and  of  different  dc))ths  in  the 
same  area,  since  great  convolutions  in  the  lower  parts  of  the  eaith’s 
crust  will  almost  necessjirily  result  in  fractures  and  dislocations  of  the 
parts  above. 

Instances  do  occur  of  both  dislociitkm  ami  contortion  in  the  same 
area,  but  if  the  contortion  be  great  the  dislocations  are  usually  few  ami 
small  in  proportion  ; ami  if,  on  the  other  hand,  the  dislocations  l)e  of 
great  number  and  amount,  the  contortion  is  small,  either  in  amount  or 
in  extent,  when  compared  with  that  of  tlie  dislocation. 

Virtical  Eu  tenmm  of  FaidtH. — We  have  already  seen,  in  tracing 
faults  .superficially  along  what  may  be  called  their  lateral  exten.sion, 
tliat  it  is  im]n).ssible  to  conceive  displacement  to  occur  excej)t  in  conse- 
• lueiiee  of  a second  fault  meeting  the  fii-st,  or  in  consequence  of  a bulg- 
ing of  the  beds  along  a part  of  the  line  of  the  fault. 

Similar  rea.soning  will  ajiply  to  the  vertic4il  extension  of  a fault. 

Mr.  W.  Hopkins  Inw  8he^^^l  us  that  fnu!tnres  in  the  crust  of  the 
ghjbe,  have  taken  place  in  obedience  t<»  certain  mechanical  or  physical 
laws.  If  a tract  of  country  of  imlefinite  length  and  bi'eadth,  coinix)sed 
id'  a .set  of  nearly  homogeneous  beds,  suppo.sed  to  be  originally  luirizon- 
Uil,  and  nearly  eipially  tenacious  all  over,  be  actetl  on  by  an  expunsin* 
force  from  below,  .such  as  an  elastic  gjis  or  a molten  fluid  wouhl  exert, 
tliose  beds  will  be  strained  so  a.s  to  tend  to  wan  Is  bulging  upwards,  until 
a number  of  [)arallel  fis.sures  are  formed,  commencing  at  points  below 
Uie  surface,  and  ninning  up  to  it.  They  may  be  crossed  either  then  or 
.subsequently  by  another  set  of  parallel  fissures  at  light  angles  to  the 
first  set.  These  are  the  noniial  I'esults  which  may,  in  actual  fact,  be 
complicated  by  many  irregularities  arising  from  conditions  difi'erent 
from  tho.se  which  wei'e  a.ssuined. — Tnuut.  Cnmh.  Phil.  Sov.,  vol.  vi.,  }>.  1. 

It  .seems  to  follow  from  these  results,  that  for  displacement  to  have 
liikeii  place  among  the  fnictui-ed  ma.s.ses,  two  or  more  faults  .should  meet 
below,  so  as  entirely  to  sever  the  ma.sses  from  each  other,  Jind  allow  of 
uiKsjual  motions  being  ctunmunicated  to  them,  or  that  faults  should 
gnulually  end  downwanls  on  the  surfaces  of  highly  curved,  undulated, 
iuid  contorted  IkhIs. 

Conntctioii  bcticetfn  Intrusio/i  of  Rocks  and  Production  of 

Faults. — The  intrusion  of  igneou.s  i*ock  may  in  some  in.stances  iucn.-ii.se 
tJie  Jimount  of  <li.slucations  ; but  the  student  inii.st  be  on  his  guard 
against  attributing  to  local  intrusion  of  igneous  rock,  effects  of  elevation, 
or  contortion,  or  fnicture,  which  sin;  not  due  to  it.  The  intriLsion  of 
igneou.s  rock  among  other  masses  Is  itself  a i*esult  and  not  a cause  <_»f 
disturl»ance.  The  disturbances  of  .stratified  rocks  an^  generally  owing 
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to  very  widely  extended  accessions  of  lieat  expanding  large  masses  of 
rook  of  all  kinds  simultaneously  over  great  spaces,  and  the  subsequent 
contractions  when  that  heat  is  diminished  or  taken  away.  Small  local 
intrusions  of  igneous  rock  may  act  as  stays  and  wedges  to  prevent  the 
dislocate<l  beds  settling  back  into  their  fonner  places,  but  such  intrusion 
during  widely  spreiid  disturbance  seems  rather  to  have  been  the  excep- 
tion than  the  rule. 

"When  we  come,  indeed,  to  consider  large  intnisions  of  great  granitic 
masses  into  the  rocks  above  them,  we  see  a fertile  source  of  dislocation, 
first,  by  the  expansion  of  the  superior  rocks  from  the  mere  irruption 
of  the  bulk  of  the  molten  mass,  and  aften^'ards  from  contraction  in 
consequence  of  the  cooling  of  that  mass,  which  contraction,  as  we  have 
already  seen,  p.  .96,  might  amount  to  even  one-fourth  of  its  bulk. 

Where  any  large  mass  of  matter,  too,  has  been  erupted  or  ejected 
over  the  surface  of  the  ground,  the  withdrawal  of  its  bulk  will  have 
tended  to  leave  a void  space  in  the  interior,  which,  if  it  were  not  filled 
up  with  other  igneous  matter,  would  be  followed  by  subsequent  sink- 
ings and  dislocations  of  the  rocks  over  it. 

Masses  of  igneous  rock,  however,  whether  contemporaneous  with  the 
beds  in  which  they  lie,  or  subsequently  intrudetl  into  them,  wherever 
they  spread  over  a considemble  areii,  seem  to  be  just  as  much  affected 
by  the  faults  of  tlie  district  as  any  of  the  other  rocks. 


CHAPTER  XIV. 


CLEAVAGE  AND  FOLIATION. 


We  have  now  examined  three  kinds  of  divisional  planes  traversing  rock 
— those,  namely,  which  we  might  call  congenital^  or  planes  of  lamina- 
tion and  stratification  ; those  which  are  necessarily  resultant  on  consoli- 
dation or  joint  planes  ; and  those  which  we  may  term  accidentaly  such 
as  faults.  There  is  yet  another  kind  to  be  described,  which  we  may 
call  mjierinduced  planes 
of  division  ; and  these  are 
planes  of  “ cleavage”  and 
“ foliation.” 

Slatg  Cleavage. — By 
“ cleavage”  or  trans- 
verse” or  “ slaty  cleav- 
age,” as  it  is  sometimes 
called,  we  understand  a 
tendency  in  rocks  to  split 
into  verj'  thin  plates,  hav-  ' 
ing  a certain  given  direc- 
tion over  wide  areas  inde- 
pendently of  any  original 
lamination  or  stratifica- 
tion of  the  rocks.  It  is  a 
structure  which  is  most 
especially  remarkable  in 
clay  slate,  but  is  some- 
times apparent  in  sand- 
stones and  limestones. 

"Where  it  exists  it  is 
always  most  perfect  in 
the  finest  grained  rocks, 
splitting  them  into  an 
indefinite  number  of  thin 
leaves  or  plates,  perfectly 
smooth  and  parallel  to 
each  other.  The  coarser 


Fig.  68. 

Portrait  of  a block  of  variegated  slate  al>oiit  18  inches 
high,  from  Devil’s  Glen,  county  Wicklow.  The  cninipled 
horizontal  bands  are  the  beds,  the  fine  perpendicular 
stria:  in  front,  are  the  cleavage  planes,  the  flne  lines  on 
the  darkened  side  merely  represent  shadow,  and  mnst 
not  be  taken  for  planes  of  division  in  the  rock  like  those 
in  the  front  which  do  not  pass  through  the  white  hands. 

the  rock,  the  fainter,  the  wider  apart,  and 


the  more  rough  and  irregular  do  the  cleavage  planes  become. 
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In  fig.  68  is  shewn  a block  of  slate  consisting  of  alternations  of  fine 
purple  and  rather  coarser  green  and  whitish  beds,  which  have  been 
puckered  and  crumpled.  The  finer  grained  and  thicker  beds  are 
perfectly  cleaved  by  planes  cutting  directly  across  them  parallel  to 
the  dark  side  of  the  block,  which  is  itself  a cleavage  plane,  while  the 
coarser  parts  shew  less  tendency  to  split  in  that  direction,  except  at 
wider  irregular  intervals. 

This  cleavage  may  either  coincide  with  the  original  lamination  of 
the  rock,  or  cut  across  it  at  any  angle.  When  it  cuts  across  the  bedding 
of  the  rock,  the  original  lamination,  or  tendency  to  sj)lit  along  the 
planes  of  deposition,  is  generally  obliterated,  the  laminoo  being  sealed 
up,  or,  as  it  were,  welded  together.  This  cementation  of  the  original 
lamination  is  not  quite  invariably  the  case.  I have  met  with  at  least 
one  instance  where  the  rock,  an  indurated  shale,  split  as  readily  along 
the  original  lamination  as  along  the  cleavage  planes,  and  was  thus 
minced  into  long,  needle-shaped  spicula)  of  slate. — {Report  of  Geological 
Rarvey  of  Newfoundland^  p.  75.) 

Tran.sverse  cleavage  in  sandstone  usually  divides  the  rock  into 
coarse  slabs  only,  the  upper  and  under  sui-faces  of  the  sand.stone  often 
breaking  into  dog-toothed  indentations.  In  traversing  conglomerates, 
tlie  cleavage  planes  leave  the  pebbles  standing  out  in  relief,  and  do  not 
cut  through  them  as  joint  planes  do. — {Professor  Sedgwick) 

Cleaved  limestone  genei-ally  has  the  original  bedding  greatly 
obliterated  and  obscured  ; the  slabs  are  thick  and  uneven,  and  their 
surfaces  often  coated  by  argillaceous  films,  sometimes  gi\dng  to  the 
cleavage  the  exact  appearance  of  bedding. 

Among  trap  rocks,  some  very  fine-grained  felstones  are  occasionally 
affected  by  cleavage,  and  fine-grained  trappean  ashes  are  often  so 
affected. 

In  passing  through  beds  of  different  texture,  the  cleavage  planes 
often  vary  their  angle  a little,  having  a tendency  to  cut  more  perpen- 
dicularly across  the  coarser  than  tlie  finer  grained  beds.  When  the 
inclination  of  the  cleavage  planes  and  that  of  the  original  planes  of 
lamination  become  nearly  coincident  in  any  locality,  they  sometimes 
appear  to  coincide  entirely,  as  if  the  cleavage  went  a little  out  of  its 
way,  as  it  were,  to  coincide  with  the  bedding. 

Tlie  finest  and  lai^est  roofing  slates  seem  to  be  those  of  a bluish, 
gray  or  pale  green  colour.  Where  they  become  either  very  red  or  quite 
black,  they  are  more  brittle,  and  more  readily  decompose,  owing  probably 
to  the  presence  of  j>eroxide  of  iron  in  the  one,  and  carbonaceous  matter 
in  the  other.  Bands  of  colour,  such  as  faint  re<l,  green,  white,  or  gray, 
may  sometimes  be  observ'ed  on  the  sides  of  slates,  often  coinciding  "^dth 
slight  changes  of  grain  or  texture.  These,  which  are  called  the  “ stripe” 
of  the  slate  by  Professor  Sedg\Wck,  mark  its  original  stmtification.  The 
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bands  in  the  block,  which  is  figured  in  fig.  68,  shew  this  stripe  very  well. 
Irregular  blotches,  however,  of  different  colours,  occasionally  occur ; and 
sometimes  even  pretty  regular  broad  bands  of  colour  are  to  be  seen, 
which  do  not  coincide  with  the  bedding,  but  go  sometimes  directly 
across  it,  as  proved  by  beds  of  sandstone  interstratified  with  tlie  slate. 
Care  must  be  taken,  therefore,  in  field  observations,  not  to  rely  too  im- 
plicitly on  mere  bands  of  colour  in  slate  rocks. 

Direction  of  Cleavage  Planes. — ^The  direction  of  cleavage  planes 
is  generally  constant  over  considerable  area.s,  retaining  the  same  com- 
pass-bearing through  w'hole  mountain  chains,  or  across  large  coimtries, 
w'ithout  paying  any  regard  to  the  contortions  and  convolutions  of  the 
rocks.  One  of  the  best  e.xamples  of  this  steady  direction  in  the  strike 
of  the  cleavage  planes  is  the  south  of  Ireland,  over  the  whole  of  which, 
from  Dublin  to  the  Mizen  Heatl  and  the  Dingle  Promontoiy,  the  direc- 
tion of  the  cleavage  seldom  varies  10°  from  East  25°  North,  whatever 
rocks  it  traverses,  and  how’ever  different  these  rocks  may  be  in  litho- 
logical character  and  geological  age.  A few  local  exceptions,  in  wdiich 
the  cleavage  had  a strike  to  the  South  of  Ea.st  and  West  of  North,  have, 
however,  lately  been  observ'e<l. 

This  steatly  direction  generally  coincides  with  that  of  the  main 
lines  or  axes  of  elevation  and  di.sturbance  which  traverse  the  district, 
and  consequently  with  the  “ strike  ” of  the  beds. 

Ill  North  Wales  the  strike  of  the  cleavage  in  the  Snowdon  chain  is 
generally  NJl.  and  S.W.,  dipping  sometimes  to  the  N.W.  and  sometimes 
to  the  S.E.  at  high  angles  (see  fig.  69). 

Fig.  69  is  taken  from  one  in  Phillips’  Report  on  cleavage  in  tlie 
Proceedings  of  the  British  Association  for  1866,  lieing  an  extension  of 
one  previously  given  by  Professor  Sedgwick,  running  N.W.  and  S.E., 
through  the  Snowdon , Chain  ; the  spectator  looking  NJJ.  In  this  section, 
the  beds  r,  c,  c,  are  conglomerates,  the  other  beds  being  parallel  to 
them,  and  the  fine  stria)  are  cleavage  planes  striking  with  the  beds  to 
the  NJ).,  but  cutting  them  across  in  the  direction  of  the  dip  ; for  wliile 
the  beds  undulate  at  various  angles,  the  cleavage  dips  N.W.  at  80°  or 
85“  from  A to  B ; SJE.  at  80“  to  86“  from  B to  C ; and  80“  to  the  N.W. 
from  C to  D. 

In  the  Berwyn  chain,  w’here  the  beds  curve  regularly  round,  from  a 
NJ).  and  S.W.  strike  along  the  Bala  and  Corwen  valley,  to  an  East  and 
West  strike  along  the  vale  of  Llangollen,  the  strike  of  the  cleavage 
follows  with  equal  regularity,  the  cleavage  planes  dipping  W.  20°  N. 
at  30°  in  the  country  between  Bala  and  Llangynnog,  curving  round  a.s 
they  approach  Corwen,  and  striking  either  due  E.  and  W.,  or  E.  6°  N. 
and  W.  5“  S.,  on  both  sides  of  the  Dee,  between  Corwen  and  Llangollen, 
with  a dip  almost  invariably  to  the  North  at  a high  angle. 

In  a hUl  called  Mocl  Faen,  between  Llangollen  and  the  head  of  the 
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vale  of  Clwyil,  near  Bwlch  Rhiwfelyn,  the  beds  are  bent  into  a syn- 
clinal cun-e,  so  as  to  dip  north  on  the  south  side,  and  south  on  the 

north  side  of  the  hill ; while  the 
cleavage  preseiwes  its  steady  dip  to 
the  north  at  about  60°.  The  con- 
sequence is  that  where  the  dip  of  the 
beds  and  that  of  the  cleavage  coin- 
cides, the  rock  makes  admirable 
flags,  which  are  largely  quarried, 
while  on  the  other  side,  where  the 
cleavage  crosses  the  bedding,  slate  is 
produced  and  quarried  for  roofing 
purposes. 

The  inclination  of  cleavage  planes 
varies  from  the  perpendicular  to 
witliin  a few  degrees  of  the  horizon- 
tal, but  has  no  apparent  reference 
to  the  dip  of  the  beds.  Mr.  Sharpe 
gives  10®  to  the  W.N.W.,  as  the  dip 
of  the  cleavage  of  the  Tintagel  slate 
in  Cornwall.  Roimd  the  head  of 
Bantry  Bay,  the  cleavage  planes  are 
in  some  places  at  as  low  an  angle 
as  20°,  in  others  are  perpendicular, 
while  they  everywhere  retain  the 
same  strike  of  about  E.N.E.  and 
WJS.W. 

‘ Professor  Se<lgwick  was  the  first 
to  systematically  observe  and  de- 
scribe the  phenomena  of  slaty 
cleavage.  His  obseiwations  will  be 
found  in  the  Transactions  of  the 
Geological  Society^  vol.  iii.,  on  The 
Structure  of  large  Mineral  Masses^ 
and  also  in  his  Introduction  to  a 
Sgnctpsis  of  the  British  Paleeozovc 
Rocks,  3d  Fasciculus,  p.  33.  In  tlie 
latter,  he  gives  the  following  as  the 
results  at  which  he  had  arrived  : — 
“ 1st,  That  the  strike  of  the 
cleavage  planes,  when  they  were 
well  developed,  and  passed  through 
well-defined  mountain  ridges,  was  nearly  coincident  with  the  strike  o1 
the  beds. 


E a 
‘S 

•p 

o 

G 

O 

o 

a 

CQ 


CB 

03 

s 

C 

C9 

a 

o 

ts 

o 

o 

cc 


209 


ORIGIN  OF  CLEAVAGE. 

“ 2d,  That  the  dip  of  these  planes  (whether  in  quantity  or  direction) 
w'as  not  regulated  by  the  dip  of  the  beds,  inasmuch  as  the  cleavage 
planes  would  often  remain  imchanged,  while  they  passed  through  beds 
that  changed  their  prevailing  dip  or  were  contorted. 

“ 3d,  Tliat  where  the  features  of  the  country  or  the  strike  of  the  beds 
were  ill  defined,  the  state  of  the  cleavage  became  also  ill  defined,  so  as 
sometimes  to  be  inclined  to  the  strike  of  the  beds  at  a considerable 
angle. 

“ 4th,  Lastly,  that  in  all  cases  where  the  cleavage  planes  were 
well  developed  among  the  finer  slate  rocks,  they  had  produced  a new 
arrangement  of  the  minutest  ^wirticles  of  the  bed  through  which  they 
pass.” 

Origin  of  Cleavage. — One  of  the  most  striking  efiects  of  cleavage 
is  the  distortion  it  produces  on  fossils  or  other  small  bodies  embedded 
in  the  rocks,  lengthening  and  pulling  them,  as  it  were,  in  tlie  direction 
of  the  cleavage,  and  contracting  them  in  the  opposite  direction.  Relying 
on  the.se  facts,  which  were  first  distinctly  noticed  by  Professor  Phillips, 
^Ir.  Sharpe  attributed  the  production  of  cleavage  to  the  action  of  great 
forces  of  compression  squeezing  the  ])articles  of  rock  in  one  direction, 
and  lengthenmg  them  in  the  opjwsite. — {Qiiarterlg  Journal  Geological 
Societg,  vol.  iii.  p.  87.)  Mr.  Darwin,  also,  from  his  observations  in 
South  America,  formed  similar  ideas  as  to  the  origin  of  cleavage,  and 
speaks  of  cleavage  planes  as  being  probably  j^Kirts  of  great  curves,  of 
such  large  radius  as  that  any  portions  of  them  that  can  be  seen  at  one 
\’iew  appear  to  be  straight.  More  recently,  Mr.  Sorby,  resting  on  the 
fact  of  beds  of  sandstone  which  occur  in  slate  being  contorted,  and  their 
dimensions  being  contracted  at  the  sides  and  expanded  at  the  tops  and 
bottoms  of  the  cur\’^es,  the  axes  of  which  curves  coincide  in  direction 
with  the  cleavage  planes,  while  the  beds  of  slate  above  the  sandstone 
are  little  or  at  all  bent,  shews  that  the  particles  of  the  slates  must  have 
been  compressed  at  right  angles  to  the  cleavage  planes,  and  lengthened 
along  them,  so  as  to  allow  of  their  being  squeezed  into  the  same  con- 
tracted space  as  the  sandstones,  without  much  bending  of  the  surface.s 
of  tlie  beds. — (See  New  Philoeophical  Journal^  1853,  vol.  Iv.,  p.  137  ; 
or  LyeWs  Manual^  5th  edition,  p.  611.) 

By  microscopical  examination,  Mr.  Sorby  found  that  the  minute 
particles  of  clay-slate  were  either  lengthened  in  the  direction  of  the 
cleavage  planes,  or  that  those  minute  ])articles,  which  were  of  unequal 
dimensions,  were  so  re-an’anged  as  that  their  longer  tlimensions  coin- 
cided with  the  planes  of  the  cleavage.  He  did  not  suppose  that  the 
existence  of  peculiarly  shaped  particles  was  necessary  to  the  protluction 
of  cleavage,  he  merely  used  them  as  tests  to  shew  that  the  particles  hatl 
been  re-arranged  by  the  action  of  the  pressure  to  which  he  attributed 
the  cleavage. 
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Dr.  Tyiidall  subsequently  investigated  the  subject,  and  produced 
perfect  slaty  cleavage  artificially,  in  clay  and  white  wax,  and  oilier  sub- 
stances, by  subjecting  them  to  pressure  under  conditions  which  allowed 
of  their  expansion  in  directions  at  right  angles  to  the  pressure.  His 
results  are  given  in  the  Philosophical  Magazine^  vol.  xii.,  and  in  a 
lecture  to  the  Royal  Institution  now  published  in  the  appendix  to  his 
work  on  Glaciers. 

Professor  Haughton,  in  a paper  in  the  same  volume  of  the  Philo- 
sophical Magaziiie^  has  deduced  mathematically  a value  for  the  com- 
pression of  the  rocks,  from  examining  the  amount  of  distortion  suffered 
by  fossils  in  some  particular  instances  in  consequence  of  this  com- 
pression. 

A second  cleavage  plane  cutting  across  the  first  at  right  angles,  and 
also  across  the  bedding,  is  described  by  Mr.  Sharpe  in  his  second  paper 
on  cleavage  in  the  (Jeological  Journal^  vol.  v.,  p.  3,  and  was  also  long 
before  ob.served  and  mentioned  by  Professors  Sedgwick,  Phillips,  and 
others.  Mr.  Shaipe  attributes  this  like'wise  to  compression. 

Professor  Sedgwick  at  one  time  thought  that  he  could  perceive  a 
tendency  to  a symmetrical  arrangement  of  the  inclination  of  the  planes 
of  cleavage  w’ith  respect  to  the  axes  of  lines  of  elevation,  the  dip  of  the 
cleavage  being  inwards  on  each  side  of  the  mountain  ranges.  He  after- 
wards, however,  saw  reason  to  abandon  this  conclusion.  Mr.  Dan^dn 
.speaks  of  the  fan-like  arrangements  of  the  cleavtige  planes  which  have 
been  described  by  Von  Buch,  Studer,  and  others  ; and  Mr.  Sharpe  says 
that  this  apparent  fan-like  arrangement  is  due  to  jwrts  of  two  contiguous 
curves  meeting  where  their  adjacent  sides  become  perpendicular.  But 
we  must  refer  the  reader  to  liis  papers  on  this  subject,  in  the  third  and 
fifth  volumes  of  the  Journal  of  the  Geological  ^ciety  before  quoted, 
and  in  the  Philosopliical  Transactions  for  1852. 

In  the  Proceedings  of  the  British  Association  for  1856,  will  be 
found  the  first  part  of  a Report  by  Professor  Phillips  on  this  subject. 

It  seems  now  to  be  conclusively  established  that  slaty  cleavage 
which  thus  gives  to  large  parts  of  the  crust  of  the  earth  a structure 
almost  as  regular  and  symmetrical  as  that  which  detemines  the  perfect 
facets  of  a crystal,  is  the  result  of  the  compre.ssion  produced  by  the 
mechanical  forces  w’hich  have  acted  on  those  parts. 

The  slates  which  cover  our  roofs,  or  on  which  as  schoolboys  we  learnt 
to  cypher,  Imve  been  thus  elaborated.  True  slate,  then,  is  only  to  be 
found  in  districts  w’hich  have  been  thus  forcibly  acted  on. 

Time  of  ptroduciion  of  Cleavage. — Slate  occurs  chiefly  in  or  near  to 
mountain  chains  or  jdaces  which  have  the  stnicture  if  not  the  altitude 
of  mountains,  and  is  found  in  all  parts  of  the  world,  and  in  formations 
of  all  geological  age. 

In  the  Briti.sli  Islands,  indeed,  slate  is  found  almost  solely  in  the 
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Palaeozoic  rocks,  but  the  Andes  of  Chili  and  Terra  del  Fuego,  contain 
clay  slate  of  Cretaceous  age,  and  the  black  slates  of  Glams  in  S^vitzerland, 
which  are  formed  by  as  tme  a slaty  cleavage  as  any  in  Wales,  are  of 
recent  Tertiary  age. 

When  running  geological  sections  in  North  Wales,  I was  occasionally 
stmck  by  the  fact  of  a sudden  change  in  the  strike  and  dip  of  the 
cleavage  occurring  immediately  after  crossing  a fault.  It  seemed  to 
indicate  that  some  of  the  faults,  at  least,  had  been  caused  subsequently 
to  the  cleavage,  and  that  blocks  of  country  had  been  so  shifted  by  the 
dislocations,  that  the  cleavage  planes  no  longer  lay  in  their  original 
positions  with  respect  to  the  horizon  and  compass  bearings.  In  making 
observations  on  the  relations  between  cleavage  and  mountain  masses, 
this  is  a possible  source  of  error  which  may  have  to  be  guarde<l 
against. 

Surface  disturbance  of  Cleavage  Planes, — The  dip  of  the  cleavage, 
especially,  is  very  easily  mistaken,  unless  it  be  observed  in  very  clear 
and  deep  excavations.  Superficial  causes  have  frequently  affected  and 
sometimes  completely  inverted  it  to  very  considerable  depths,  as  may 
l>e  seen  in  fig.  70. 


FiK.  70. 

Surface  bcndiug  of  cleavage  planes. 


When  these  superficial  bendings  of  slate  occur  on  steeply  inclined 
ground,  they  may  perhaps  be  referred  to  the  action  of  gravitation  on 
substances  loosened  by  weathering,  or  the  “ weight  of  the  liill  ” as  it 
has  been  called.  In  other  cases,  their  origin  is  more  obscure,  and  I 
have  seen  one  instance  in  North  Wales,  where,  on  the  horizontal  surface 
of  an  isolated  boas  of  rock,  the  slates  were  so  sharply  and  abruptly  bent 
back  and  laid  nearly  flat,  and  partly  consolidated  in  that  position,  as  to 
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give  the  idea  of  its  being  due  to  some  sudden  and  great  force,  such  as 
the  grounding  of  an  iceberg.* 

Foliation. — ^The  technical  meaning  of  this  term  originally  sug- 
gested by  Professor  Sedgwick  in  his  paj>er  on  the  mineral  structure  of 
large  masses  before  referred  to,  and  since  adopted  by  Mr.  Darwin  in  his 
volume  on  the  GJeology  of  S.  America,  is  a “ separation  into  layers  of 
different  mineral  composition,”  while  cleavage  means  only  a “ tendency 
to  split  ” in  a mass  of  the  same  composition.  Foliation,  however,  even 
when  it  coincides  with  the  original  lamination  of  a bed,  is  nevertheless 
a superinduced  structure. 

In  examining  a specimen  of  a true  schist  or  foliated  rock,  and  com- 
paring it  with  one  of  shale  made  of  the  same  materials,  arranged  in 
laminae  merely  by  the  act  of  deposition,  the  difference  is  at  once  percep- 
tible, although  it  is  not  easily  described  in  words. 

In  a “ foliated  ” metamorphic  rock,  such  as  mica  schist  or  gneiss, 
the  different  minerals  are  more  perfectly  sejmrated  from  each  other, 
and  each  mineral  has  more  of  its  particles  blended  together  into  con- 
tinuous plates  (folia),  than  in  an  unaltered  sandstone  or  sliale  in  w hicli 
the  particles  exist  as  distinct  grains  or  flakes.  The  whole  of  a foliated 
rock  has  a firmer  texture,  and  a cleaner  and  much  more  glistening  and 
crystalline  aspect,  and  the  foliated  structure  is  sometimes  carried  out  to 
the  extent  of  making  actually  crystalline  layers.  Sometimes  even  laige 
distinct  crystals  of  one  or  other  mineral  traverse  the  folia,  and  occasion- 
ally the  foliation  is  more  or  less  lost  in,  and  obliterated  by,  the  develop- 
ment of  the  ciystalline  structure.  The  so  called  protogine  of  the  Alps, 
seems  to  be  an  example  of  the  latter  case,  which  often  becomes  nothing 
more  than  a bed  of  a species  of  granite,  wdth  a coarse  “ grain,”  parallel 
to  its  upper  and  low'er  surfaces,  and  to  the  adjacent  beds  of  the  less 
intensely  altered  rocks. 

The  foliation  of  the  schists  appears  in  many  cases  to  coincide  with 
the  planes  of  cleavage,  and  thus  fo  be  arranged  in  parallel  layers  over 
large  districts  with  a stiike  and  dip  altogether  independent  of  the 
original  lamination  and  stmtification  of  the  rocks. 

Professor  Sedg^^ick  is  of  opinion  that  the  foliation  usually  coincides 
with  the  cleavage,  and  is  merely  a further  development  of  the  same 
process,  an  opinion  in  which  he  is  supported  by  ^Ir.  Darw'in  and  the 
late  Mr.  Sharpe. 

Professor  Sedgwick,  in  speaking  of  cleavage,  says,  that  the  cleavage 
laiuinae  “are  coated  over  with  chlorite  and  semi-cr}'stalLine  matter, 
which  not  merely  define  the  planes  in  question,  but  strike  in  parallel 
flakes  through  the  whole  mass  of  the  rock.” 

• Without  intending  to  impeach  the  accuracy  of  any  recorded  ob8er\*ation8,  I yet  cannot 
feel  sure  that  many  even  of  my  own  registered  obscr\atiou»  on  cleavage  in  difTcront  locali- 
ties may  not  be  aflbcted  by  errora  of  the  kinds  alluded  to  above. 
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Mr.  Darrcm's  Observations  on  the.  Foliation  of  S.  America. — Mr. 
Dan^'in,  in  the  6th  chapter  of  liis  Geological  Obsen-ations  on  South 
America,  has  some  excellent  remarks  up<)n  this  subject.  He  says  (p. 
163) — “Tlie  fact  of  the  cleavage-lamina}  in  the  clay  slate  of  Tierro  del 
Fuego,  when  seen  cutting  straight  through  the  planes  of  stratification, 
dilfering  slightly  in  colour,  texture,  and  hardness,  apj>ear8  to  me  very 
interesting.”  He  observed  in  Cliili,  “ some  distinct  thin  layers  of 
epidote,  parallel  to  the  highly  inclined  cleavage  of  the  mass.”  He  then 
goes  on  to  remark,  with  respect  to  the  foliation,  “ as  in  the  case  of 
cleavage-lamina},  the  folia  preserve  over  very  large  areas  a uniform 
strike,  thus  Humboldt*  found  for  a distance  of  300  miles  in  Venezuela, 
and  iudeexl  over  a much  larger  sf>ace,  gneiss,  granite,  mica,  and  clay- 
slate,  striking  very  unifomdy  N.E.  and  S.W.,  and  dipping  at  an  angle 
of  between  60®  and  70®  to  N.W., — it  would  even  ap|>ear  from  the  facts 
given  in  this  chapb'r,  that  the  metamoridiic  rocks,  throughout  the 
north-eastern  parts  of  South  America,  are  generally  foliated  within  two 
points  of  N.E.  and  S.W.  Over  the  eastern  parts  of  Banda  Oriental,  the 
foliation  strikes  with  a high  inclination  very  uniformly  N.N.E.  to  S.S.W., 
and  over  the  western  j)arts  in  a W.  by  N.,  and  E.  by  S.  line.  For  a 
space  of  300  miles  on  the  shores  of  the  Chonos  and  Chiloe  Islands,  the 
foliation  seldom  deviates  more  than  a point  of  the  compass,' from 
a N.  19®  W.,  and  S.  1 9®  E.,  strike.”  He  then  proceeds  to  state,  that  the 
angle  of  the  dip  in  the  foliated  rocks  is  generally  high,  but  variable, 
sometimes  on  one,  sometimes  on  the  other  side  of  the  line  of  strike,  and 
sometimes  vertical,  and  then  says — 

“ On  the  flanks  of  the  mountains,  both  in  Tierra  del  Fuego  and 
other  countries,  I have  observed  that  the  cleavage  planes  frec[Uently  dip 
at  a high  angle  inwards ; and  this  was  long  ago  obsen’ed  by  Von  Buch, 
to  1^  the  case  in  Norway ; this  fact  is  perhaps  analogous  to  the  folded 
fan  like,  or  radiating  structure  in  the  metamorphic  schists  of  the  Alps,t 
in  which  the  folia  in  the  central  crests  are  vertical,  and  on  the  two 
flanks  incline<l  inwards. 

“ Where  masses  of  fissile  and  foliated  rocks  alternate  together,  the 
cleavage  and  foliation,  in  all  cases  which  I have  seen,  are  paralleL 
Where,  in  one  district  the  rocks  are  fissile,  and  in  another  adjoining 
district  they  are  foliated,  the  jdanes  of  cleavage  and  foliation  are  likewise 
generally  parallel.” 

He  sums  up  his  obscr\'ations  as  follows — “ Seeing  then,  that  foliated 
schists  indisputably  are  sometimes  pnxluced  by  the  metamorjdiosis  of 
homogeneous  fissile  rocks;  seeing  that  foliation  and  cleavage  are  so 
closely  analogous  in  the  several  above  enumerated  respects ; seeing  that 
some  fissile  and  almost  homogeneous  rocks  shew  incipient  mineralogical 

* Personal  Narrative,  vol.  \n.,  p.  501,  tt  uq. 
t Stiuler,  in  Rdin.  New  Thil.  Journal,  vol.  xxiii.,  p.  144. 
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changes  along  the  planes  of  their  cleavage,  and  that  other  rocks  with  a 
fissile  structure  alternate  with,  and  j)ass  into  varieties  with  a foliated 
structure,  I cannot  doubt  that  in  most  cases  foliation  and  cleavage  are 
parts  of  the  same  process ; in  cleavage  there  being  only  an  incipient 
separation  of  the  constituent  minerals,  in  foliation  a much  more  com- 
plete separation  and  crystallization.” — /^.,  pp.  165-6. 

Mr.  Darwin  afU^rw'ards  seems  inclined  to  refer  some  of  the  apparent 
stratification  of  metamorphic  schists,  or  their  separation  into  alternating 
beds  of  different  mineral  composition,  to  a stiU  further  development  of 
the  foliating  process,  though  he  of  course  does  not  extend  this  so  far  as  to 
include  the  production  of  “ thick  beds  of  marble,”  or  other  distinct  rock. 

Difference  between  Cleavage  and  Foliation. — It  would  be  with 
unaffected  diffidence  that  I should  venture  to  differ  from  such  a high 
authority  as  Mr.  Darwin,  more  especially  on  a point  in  which  he  agrees 
with  my  owm  old  master  and  teacher,  Professor  Sedgwick,  nevertheless, 
I think  that  the  connection  betw'een  cleavage  and  foliation  is  made  too 
close  in  the  passages  above  cited.  If  cleavage  be  the  result  of  mere 
mechanical  pressure,  as  seems  to  be  now  proved,  it  is  apparently 
impossible  that  foliation  can  be  so  protluced.  A mechanical  force  may 
readily  communicate  a mechanical  texture  or  structure  to  a mass  of 
rock,  but  it  seems  impossible  to  suppose  it  capable  of  producing  an 
alteration  in  the  mineral  composition  of  its  particles. 

It  appears  to  me  that  the  coimection  betw’een  cleavage  and  foliation, 
in  such  cases  as  those  mentioned  by  Mr.  Darwin,  is  an  accidental  rather 
than  a necessary  one.  If  rocks  already  cleaved  are  acted  upon  by  any 
agency  tending  to  metamorjihose  them,  and  rearrange  their  particles  in 
separate  folia,  it  is  probable  that  in  some  cases  that  rearrangement 
may  take  place  along  the  cleavage  planes,  and  in  others  along  those  of 
original  lamination. 

It  may  even  happen  that  in  some  districts  both  ca.ses  may  occur, 
and  lx)th  perhaps  may  be  mingled  in  such  a ^vay  as  not  to  be  readily 
distinguishable,  where  the  metamorphism  has  become  very  complete. 
Moreover,  since  the  cleavage  planes  usually  strike  with  the  principal 
axis  of  elevation,  and  the  beds,  especially  when  they  approach  the 
vertical  position,  have  necessarily  the  same  general  strike,  it  follows 
that  the  cleavage  and  foliation  must  necessarily  be  generally  parallel  to 
each  t)ther,  whether  the  folia  coincide  with  the  cleavage  or  the  strati- 
fication. Observations  as  to  the  vast  thickness  of  such  groups  of  rock 
may  often  be  deceptive,  since  concealed  anticlinal  and  synclinal  curves 
frequently  occur  in  them,  the  beds  being  either  vertiail  or  inclined  in 
the  same  direction,  on  account  of  one  or  the  other  side  of  the  curves 
being  inverted,  and  the  folds  often  sharj),  and  either  not  occurring  just 
at  the  present  surface,  or  occurring  in  places  where  the  rocks  do  not 
happen  to  be  exposed  at  the  surface. 
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Districts  where  the  nietamorphic  action  has  been  very  great  and 
very  widely  spread,  such  as  those  of  S.  America,  of  the  Highlands  of 
Scotland,  of  Scandinavia  or  the  Central  Alps,  may  be  less  instructive 
than  others,  where  the  alteration  having  taken  place  to  a less  extent, 
and  on  a smaller  scale,  its  nature  may  be  the  more  readily  grasped. 

Cleaved  and  Foliated  Rocks  of  the  Leinster  district. — Such  a district 
we  have  in  the  south-east  of  Ireland,  where  one  great  mass  of  granite 
has  been  intruded  into  the  clay  slates  of  the  district,  forming  a con- 
tinuous range  of  granite  hills  from  Dublin  Bay  to  the  neighbourhood 
of  New  Ross,  a distance  of  70  miles.  Between  this  range  and  the 
coast,  other  smaller  intrusive  bosses  of  granite  make  their  appearance 
at  the  surface  through  the  clay  slate  rocks.  The  clay  slatea  are  dark- 
gray,  blue,  or  black,  but  sometimes  pale-green,  or  greenish-gray,  with 
occasinally  red  or  puqde  bands.  They  are  genendly  of  a dull  earthy 
texture,  and  without  lustre.  Small  baiuls  of  gray  siliceous  grit  fre- 
quently occur  in  them. 

Wherever  the  granite  comes  to  the  surface,  a belt  of  slates  surround- 
ing it  is  converte<l  into  mica  schist,  with,  in  some  few  places,  beds  of 
perfect  gneiss.  Crystals  of  garnet,  schorl,  andalusite,  staurolite,  etc., 
make  their  appearance  in  these  altered  slates  in  greater  and  greater 
abundance  as  they  approach  the  granite.  The  width  of  the  metamor- 
phosed belt  is  generally  proportioned  to  the  size  of  the  granite  mass 
which  it  surrounds.  Round  the  smaller  granite  bosses  it  is  sometimes 
not  more  than  50  yards  wide ; round  the  main  granite  mass  it  some- 
times reaches  to  two  miles.  It  matters  not  through  wliat  part  of 
the  slate  rocks  the  granite  rises,  or  which  beds  strike  towards  the 
granite  ; they  are  all  found  to  be  affected  in  the  same  way  as  they 
approach  it. 

In  going  towards  the  main  granite  ridge,  it  is  found  sometimes  at  a 
distance  of  two  miles  from  the  outcrop  of  the  granite  (which  is,  how- 
ever, much  nearer  probably,  in  a vertical  direction),  that  the  slates  have 
acquired  a “ glaze,”  as  it  were,  or  mic-aceous  lustre,  with  a soapy  feel. 
This  lustre  is  apparent  throughout  the  mass  when  the  slates  are 
broken,  and  even  when  they  are  ground  down  into  sand  or  powder. 
This  micaceous  appearance  increases  as  we  approach  the  granite,  till  at 
last  distinct  plates  and  folia  of  mica  are  to  be  seen,  and  the  whole 
assumes  the  ordinary  character  of  mica  schist,  occasionally  passing  into 
a kind  of  gneiss. 

Together  with  the  micaceous  lustre  on  the  surface  of  the  slates,  the 
rocks  often  assume  the  puckered  and  corrugated  structure  of  mica 
schist.  I at  one  time  thought  that  this  corrugated  structure  might  be 
a metaraoq>hic  one,  like  the  foliation ; but  on  examining  localities 
where  small  bands  of  siliceous  grit  were  interstratified  with  the  slates, 
I found  these  grit  bands  to  be  equally  corrugated  and  puckered.  The 
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Rtnictiire,  then,  must  be  ascribed  simply  to  a mechanical  force  compres- 
sing the  rock  laterally. 

In  the  great  majority  of  instances,  the  folia  of  the  mica  schist, 
whether  straight  or  puckered,  are  certaiidy  parallel  to  the  grit  bands, 
and  therefore  to  the  original  lamination  and  stratification  of  the  rock. 
Ill  these  instances,  the  micaceous  folia  are  largest  and  best  developed. 
In  one  case,  however,  the  foliation  seemed  to  run  across  the  bedding, 
coinciding  apparently  with  the  cleavage,  as  remarked  by  Professor 
Ramsay  in  a similar  case  in  North  Wales.  In  this  instance,  the  mica- 
ceous folia  were  short  and  discontinuous,  being  apparently  interrupted 
by  the  changes  of  texture  or  composition  in  the  original  lamination  of 
the  rock. 

Some  of  the  beds  of  gneiss  in  this  district  are  obviously  beds  of 
sandstone,  originidly  interstratified  with  the  shales,  the  rocks  having 
all  the  appearance  of  interstratified  beds  of  shale  and  sandstone  at  a 
distance,  and  until  they  are  liroken  open  and  found  to  be  perfect  mica 
schist  and  gneiss.  Other  gneiss  beds  are  massive  and  tliick-bedded, 
and  contain  large  crystals  of  feldspar  (apparently  orthoclase)  becoming 
quite  porphyritic  and  completely  mineralized,  but  still  having  a folia- 
tion parallel  to  what  is  apparently  the  original  stratification  of  the  ma.ss, 
which  in  one  conspicuous  instance  (near  Graiguenamanagh)  is  nearly 
horizontal. — {See  Explanation  of  sheets  147  and  157  0/  the  Geological 
Maps  of  Ireland) 

Li  this  instiince,  then,  the  foliation  "was  clearly  developed  along  the 
lamination  of  the  rocks,  and  liad  only  an  occasional  and  accidental 
connection  •with  the  cleavage. 

Good  slaty  cleavage  was  observed  in  the  clay  slates  immediately 
outside  of  the  metamorphosed  band  in  one  or  two  places,  •without  shew- 
ing any  appearance  of  foliation  ; and  not  differing  from  the  slaty 
cleavage  seen  at  a distance  from  the  granite. 

I can,  however,  conceive  it  quite  jx)ssible  that  if  the  south  of 
Ireland  generally  were  to  be  greatly  dejiressed  into  the  crust  of  the 
earth  and  deeply  buried  under  other  deposits,  so  as  to  be  brought 
•within  the  influence  of  a widely  spread  action  of  metamorphism,  instead 
of  the  mere  local  action  of  the  granite,  that  a foliation  might  be  pro- 
duced in  many  parts  of  it  coinciding  with  the  cleavage  which,  as 
before  remarked,  is  constant  to  a strike  of  R 26°  N.  and  W.  25°  S. 
across  the  island  from  one  side  to  the  other.  "When  again  elevated  and 
exposed  by  denudation,  the  rocks  might  then  resemble  those  of  South 
Ameiica  in  the  approximate  parallelism  of  their  stratification,  cleavage, 
foliation,  and  axes  of  mountain  chains. 

Relations  between  Gneiss  and  Granite. — When  treating  of  the  litholo- 
gical characters  of  gneiss  and  granite,  an  occasional  difliculty  was  men- 
tioned in  the  distinction  between  them.  Some  gneiss,  that  is  to  say. 


t 


GNEISS  AND  GRANITE. 


277 


some  metamorphosed  argillaceous  or  micaceous  sandstone,  acquires  a 
lithological  structure  and  texture  exactly  resembling  that  of  granite. 
Some  granite  on  the  other  hand,  that  is,  some  unstratified  and  intrusive 
mass  consisting  of  a crystalline  granular  aggregate  of  feldspar,  mica,  and 
quartz,  has  its  components  in  some  parts  arranged  with  a certain 
parallelism,  so  ns  to  assume  a laminated  and  quasi-foliated  texture,  so 
that  lithologically  it  is  undistinguishable  from  gneiss.  It  is  doubtless 
impossible  in  mere  specimens,  or  even  in  mere  blocks  of  a yard  or  two 
in  diameter,  to  distinguish  between  granitoid  gneiss,  and  gneissose 
granite.  The  distinction  can  only  be  perceived  when  their  petrological 
relations,  that  is,  their  mode  of  occurrence  and  their  relations  to  the 
surrounding  rocks  are  examined.  No  true  gneiss  can  send  intrusive 
veins  into  the  surrounding  rocks,  no  true  granite  will  occur  in  regular 
beds  interstratified  wdth  other  rocks.  It  may,  sometimes,  when  a 
sufficient  exposure  of  the  rocks  cannot  be  foimd,  be  diflicult  to  deter- 
mine with  respect  to  any  band  of  granitic-looking  rock,  whether  it  be 
part  of  a bed  or  part  of  a vein.  No  conclusions  should  ever  be  drawn 
from  such  uncertain  cases. 

I believe  that  the  difficulty  felt  by  many  continental  geologists,  of 
the  highest  reputation,  in  drawing  a distinction  between  gneiss  and 
granite,  arises  from  their  laying  too  much  stress  on  the  exact  mineral 
characteristics  and  chemical  composition  of  the  rocks,  trusting  too  much 
to  laboratory  and  museum  work,  and  not  studying  their  relations  in  the 
f.eldy  or  not  sufficiently  rel}dng  on  their  field  observations  and  the 
conclusions  to  be  drawn  from  them,  when  those  appear  to  be  at  variance 
^th  the  conclusions  of  the  chemist  and  mineralogist. 

An  excellent  note  on  the  coincidence  between  stratification  and 
foliation  in  the  Highlands  of  Scotland,  by  Sir  R I.  Murcluson,  and  A. 
Geikie,  Esq.,  appeared  as  this  chapter  was  being  sent  to  the  printer,  in 
the  17th  vol.  of  the  Journal  of  the  Geol.  Soc.,  Loudon,  part  2, 
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DENUDATION. 

We  have  now  considered  the  general  effects  of  disturbing  force.s  in 
elevating  aqueous  rocks  from  the  bottom  of  the  sea  into  dry  land,  so 
far  os  regards  the  new  positions  into  which  these  rocks  have  been 
thrown,  and  the  diWsional  jdanes  and  dislocations  which  have  been 
produced  in  them.  We  have,  however,  yet  to  study  some  other  of  the 
less  immediate  results  of  this  elevation. 

Denudation  already  tacitly  assumed. — Tlie  erosive  action  of  the 
sea-breakers,  tides,  and  currents,  along  the  margin  of  the  land,  and  that 
of  the  atmospheric  agencies  over  its  whole  surface,  has  been  previously 
alluded  to.  In  treating  of  the  formation  of  mechanically  formed 
aqueous  rocks,  we  have  tacitly  assumed  the  fact  of  great  disintegration 
and  erosion  of  previously  existing  rock,  in  order  to  afford  the  materials 
of  which  these  mechanically  formed  rocks  were  composed.  It  is  impos- 
sible for  rock  to  be  raised  from  beneath  the  sea  tlirough  the  destructive 
plane  of  the  sea  level,  without  suflering  loss  in  the  process,  that  loss 
being  greater  in  proportion  to  the  slowness  of  the  movement,  or  thb 
length  of  time  every  successive  horizontal  margin  of  ground  is  kept 
within  the  influence  of  the  waves.  It  is  equally  impossible  for  rock  to 
exist  as  dry  land  without  suffering  loss  from  the  action  of  the  atmo- 
spheric agencies,  that  loss  also  being  proiwrtionate  to  the  length  of  time 
it  remains  above  the  sea  exposed  to  their  influence.  We  are  naturally 
apt  to  underrate  the  amount  of  these  erosive  agencies,  because  we  see 
them  to  be  small  in  any  periods  of  time  during  which  we  can  observe 
them,  or  have  them  recorded  in  history.  It  is  just  as  natural,  on  the 
other  hand,  when  we  look  at  the  magnitude  of  the  results,  for  us  to 
suppose  that  the  agencies  which  were  formerly  in  existence,  were  much 
more  powerful  and  destructive  than  those  we  now  see  around  us. 
When,  however,  we  come  to  rea.son  on  the  matter,  we  find  it  very 
difficult  for  any  one  to  imagine  what  these  agencies  could  have  been  if 
they  are  altogether  different  from  “ existing  causes  and  equally 
difficult  for  any  one  to  suppose  existing  agencies  to  have  ever  acted 
with  much  greater  intensity  than  at  present,  imless  we  assume  the 
general  physical  laws  of  the  world  (not  to  say  of  the  universe)  to  have 
been  different  from  what  they  are  now.  It  would  seem  to  be  necessaiy 
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for  instance,  to  suppose  the  laws  of  the  attraction  of  gravitation,  and 
the  attraction  of  cohesion,  to  have  been  different  from  what  they  now 
are,  if  we  are  to  imagine  either  that  the  erosive  powers  of  water,  and 
the  magnitude  and  force  of  w’aves  on  the  one  side,  or  the  disturbing 
effect  of  the  expansion  from  heat  on  tlie  other,  produced  greatly 
different  effects  from  those  which  they  now  produce.  Because  such  is 
the  balance  between  the  |>ower  and  the  results  of  all  the  physical  laws 
and  forces  that  now  act  upon  the  globe,  tliat  it  seems  scarcely  possible 
to  imagine  any  change  in  one  without  a corresponding  change  in  all  the 
rest  But  a change  in  these  law’s  w’ould  also  involve  a corresponding 
alteration  in  the  form  and  structure  of  organic  beings.  If,  therefore, 
the  foi*ces  of  denudation  had  ever  been  materially  different  from  what 
they  are  now,  the  size  of  fragments,  the  modes  of  accumulation,  and 
the  size  and  structure  of  fossil  animals  and  plants,  would  all  have 
she^vn  traces  of  that  difference.  Now’,  no  such  general  adaptation  to 
altered  circumstances  is  apparent  in  either  the  minerals,  the  rocks,  or 
the  fossils  of  any  part  of  the  earth’s  crust  at  w’hatever  period  it  w’as 
produced.  There  appears,  then,  to  be  far  more  extravagance  in  assum- 
ing such  great  and  sweeping  changes  to  have  passed  over  the  world, 
without  lea\’ing  unmistakeable  signs  of  their  occurrence,  than  in  merely 
allowing  the  time  during  W'hich  existing  causes  have  acted  to  be  inde- 
finitely extended. 

We  shall  therefore  take  it  for  granted,  in  accordance  w’ith  the  tenets 
of  the  Lyellian  philosophy,  that  all  geological  effects  are  due  to  causes 
such  as  are  now  acting  in  some  portion  of  the  globe  or  other,  or  to 
some  modifiaition  and  combination  of  those  causes,  such  as  we  may 
reasonably  8Uj)pose  to  take  place  now  and  again  in  the  course  of  the 
earth’s  history. 

The  amount  of  Eroeion  must  be  at  least  as  great  as  that  of  Depo- 
sition.— To  estimate  aright  the  lapse  of  geolc^ical  time,  the  observer, 
w’hen  he  glances,  for  instance,  at  the  bed  of  the  mountain  torrent,  and 
sees  it  encumbered  with  blocks  and  boulders,  against  which  the  stream 
is  continually  fretting,  must  look  forward  to  the  period  when  this  friction 
of  the  waters  shall  have  w’om  down  the  rocks  into  fine  sand  or  mud, 
and  carried  them  onward  to  the  ocean  ; imd  recollect  that  such  a period 
is  but  one  second  of  geological  time,  one  beat  of  the  geological  clock, 
and  the  result  of  such  an  action  but  one  stroke  of  the  geological  hammer, 
under  whose  repeated  blows  the  veiy  mountains  themselves  shall  ulti- 
mately be  removed  and  cast  into  the  sea.”  He  must  be  prepared  to  attri- 
bute to  such  seemingly  insignificant  and  slow’ly  iictiug  causes,  w'hether  of 
the  river  or  the  breakers  of  the  sea,  all  the  precipitous  valleys  and  ravines 
of  moimtain  chains,  all  the  erosion  of  rock  which  gives  to  elevated 
land  its  cliffs  and  precipices,  ita  hollowed  and  indented  surface  ; and  yet 
greater  effects  even  than  these,  inasmuch  as  the  very  low  lands  them- 
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selves  are  in  some  cases  low  only  in  consequence  of  mountains  ha^4ng 
been  removed  from  them.  Lyell  long  ago  shewed  that  the  amount  of 
such  denudation  is  to  be  exactly  measured  by  the  quantity  of  the 
mechanically  formed  aqueous  rocks,  and  as  our  present  lands  shew  us 
vast  sheets  of  sandstones  and  clays,  hundreds  and  thousands  of  feet  in 
thickness,  and  himdreds  and  thousands  of  Sfjuare  miles  in  extent ; and 
as  every  particle  of  these  enonnous  masses  of  rock  is  the  result  of  the 
erosion  of  previously  existing  rock,  it  follows  that  the  amount  of  denu- 
dation must  have  been  just  as  great  as  that  of  deposition.  Just  as 
when  we  see  a large  building,  w’e  know  that  a hole  or  quarr}’  must 
have  been  made  somewhere  in  the  earth,  equal,  at  least,  to  the  cubical 
contents  of  the  solid  parts  of  that  building  ; so,  when  w'e  see  a vast 
mass  of  mechanically  formed  aqueous  rock,  we  must  feel  assured  that  a 
gap  was  mtwle  somewhere  in  the  surface  of  the  earth  equal  to  the  solid 
contents  of  those  rocks. 

Denudation  is  the  ]yroduction  of  successive  new  Surfaces. — Tliis 
erosion  of  previously  existing  rock,  and  carrying  away  of  the  materials, 
80  as  to  expose  a fresh  sui-face,  is  known  to  geologists  under  the 
technical  term  of  Denudation  ; a word  which  refers  rather  to  the  fact 
that  a new  surface  has  been  laid  bare,  than  to  the  bulk  of  the  matter 
removed  for  the  purpose,  or  the  means  employed  to  effect  it.  The  word, 
however,  is  none  the  less  applicable  on  tliat  account,  especially  if  we 
look  on  the  action  as  one  by  which  new  surfaces  are  produced  (f.€.,  laid 
bare)  from  time  to  time  one  after  the  other  over  tlie  same  area. 

All  the  dry  land  of  the  globe  has  been  at  one  time  or  another 
beneath  the  sea,  and  the  great  majority  of  it  consists  of  beds  of  rock 
formed  under  the  sea.  Tlie  cases,  however,  in  which  those  beds  remain 
unchanged  in  everything  except  mere  level,  are  ver}'  rare  indeed. 
They  have  almost  always  been  tilted,  from  haWng  been  lifted  higher  in 
one  part  than  in  another,  and  the  uppennost  beds,  or  those  last  formed 
beneath  the  sea,  have  almost  invariably  been  eroded,  and  more  or  less 
of  them  destroyed  and  remove<L  The  only  ca.ses,  probably,  in  which  we 
get  for  the  surface  of  groimd  the  original  uuabraded  surfaces  of  depo- 
sition, are  in  deltas  and  the  alluvial  fiats  of  rivers,  or  in  marshes  and 
lagoons,  whether  of  salt  or  freshwater  origin,  and  channels  are  often  cut 
even  in  these  by  floods  or  other  irregular  action  of  moving  water.  In 
the  space  left  bare  at  low  water  on  the  margin  of  the  sea,  we  perceive 
imdulations  of  surface  resulting  not  merely  from  irregularities  in  the 
accumulation  of  materials,  but  also  from  the  erosive  action  of  tides  and 
currents.  The  bottom  of  the  sea  is,  indeed,  anything  but  a dead  flat,  as 
we  may  see  by  the  soundings  marked  on  charts,  and  the  banks  and 
hollows  in  the  bottom  are  more  or  less  due  to  irregularities  in  the 
accumulation  of  materials,  but  no  part  of  the  sea  bottom  could  be 
raised  so  as  to  stand  for  a time  between  high  and  low-water  mark, 
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without  having  it«  surface  modified  in  some  way  by  the  breakers  or 
tidal  currents,  and  that  surface  would  be  still  farther  modified  if  it 
should  be  subsequently  raised  al)ove  high-water  mark  into  dry  land. 
Even  w’ith  respect  then  to  the  most  recently  fomied  beds,  and  those 
still  retaiuing  their  original  horizontality  after  elevation,  the  surface 
would  undergo  some  change  in  passing  from  a permanent  sea-bottom 
into  permanently  diy  land. 

But  with  respect  to  still  older  rocks,  this  modification  of  surface  is 
carrie<l  out  to  a greater  and  greater  extent,  both  in  con.sequence  of  theii- 
having  suffered  from  sea  erosion  or  atmospheric  degiadation,  for  much 
longer  periods,  and  also  in  many  cases  becaiLse  they  have  been  both 
elevated  and  depres.sed  more  than  once  so  as  to  have  been  submitted  t<j 
repetitions  of  the  processes,  those  repetitions  naturally  tending  for  the 
most  part  to  render  more  imirked  features  once  impressed,  to  deepen  the 
hollows  of  the  land,  or  cut  farther  back  into  it,  so  as  to  make  the  slopes 
steeper  and  the  cliffs  loftier,  until  at  last  the  very  subsUince  of  the 
ground  so  acted  on  disappears  under  the  proce.ss. 

The  form  of  all  Ground  is  a sculptured  form. — The  form  then  of  all 
ground  is  a graven  or  sculptured  form  carved  out  of  rocks,  whether 
hard  or  soft,  by  the  action  of  the  upper  part  of  the  ocean,  and  by  the 
rivers  and  the  weather.  Tliese  instruments  combine  to  fonn  the  great 
surface-carving  machinery,  and  the  disturbing  force  residing  in  the 
interior  of  the  earth  is  the  power  which  thrusts  upwards  rock,  so  as  to 
bring  it  under  the  action  of  this  machinery  during  elevation,  or  with- 
draws it  from  its  influence  for  a time  by  depression,  new  materials  being 
often  plastered  over  the  old  surface  during  the  latter  period,  which  are 
in  turn  pushed  up  to  be  themselves  carved  into  shape. 

The  surface  then  of  any  land,  or  the  form  of  the  ground,  is  in  eveiy 
case  (except  in  volcanic  masses  recently  ejected,  or  in  such  in.stances  as 
blowni  sand)  the  result  of  the  joint  action  of  elevation  and  denudation, 
the  elevating  process  being  only  efficient  as  bringing  the  rock  within  the 
reach  of  the  denuding  action,  and  never  itself  producing  any  direct 
effect  on  the  form  of  the  ground. 

Two  kinds  of  HillSy  those  of  Circumderuulation,  and  those  of  f y>- 
tUting. — ^No  mountain  or  hill  is  anywhere  knowm  that  can  be  she^vn  to 
have  been  fonued  by  any  vjdifting  action  of  any  kind  wdiatever,  subse- 
({uently  to  the  production  of  its  own  surface  and  the  surface  of  the 
surrounding  groimd.  If  we  except  volcanic  hills,  and  hills  like  sand 
dunes,  we  may  say  that  all  hills  and  mountains  are  one  of  tw’o  kinds, 
hills  of  circumdenudation  or  hills  of  uptilting. 

Hills  of  Simple  Circumdenudation  are  masses  of  high  groimd  whost* 
bases  are  formed  of  the  same  rocks  as  the  adjacent  low  lands  are  formed 
of,  W'hile  their  H^per  parts  are  not  to  be  found  in  the  immediate  low 
lands.  The  high  ground  consists  of  the  parts  that  have  been  spared  by 
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the  denuding  action  'which  haa  removed  the  continuation  of  those  parts 
from  above  the  surface  of  the  low  lands. 

Fig.  7 1 is  a diagram  iutende«l  to  exjdain  what  is  meant.  It  will  he 
seen  by  reference  to  it  that  the  hills,  whether  fonned  of  horizontal  or 


inclined  beds,  rest  on  beds  ■^diich  nin  also  below  the  surrounding  low 
ground,  while  the  higher  beds  of  each  hill  are  not  found  beneath  the 
low  lands  surrounding  it. 

Tliis  character,  however,  is  not  confined  to  hills  made  of  stratified 
rocks,  or  to  hills  having  the  precise  form  represented  in  the  diagram, 
fig.  7 1 , "which  is  merely  intended  to  represent  some  particular  instances 
of  a general  principle. 

Hilh  of  uptiUing^  on  the  other  hand,  are  hills  not  because  of  the 
denudation,  but  in  spite  of  it 

The  denudation  has  been  carried  out  farther  on  the  high  ground 
than  the  low,  and  most  completely  of  all,  perhaps,  on  the  very  highest 
!»ummits,  wdiich  are  often  fonned  by  the  low'est  of  all  the  beds  which 
succeed  in  reaching  to  the  surface  anywhere  in  the  •vicinity. 

Tlie  rocks  have  been  thrust  up  highest  in  the  central  parts  of  the 
mountiins,  but  as  soon  as  the  rocks  there  began  to  appear  at  or  above 
the  level  of  the  sea,  the  denuding  forces  commenced  to  act  upon  them 
and  destroy  them.  As  the  uptilting  force  continued,  bed  after  bed  was 
removed  from  off  the.se  central  parts,  and  lower  and  lower  rocks  con- 
tinually exposed  to  view  ; the  parts  of  the  beds  that  were  spared  by 
the  denudation  being  in  this  case  those  that  form  the  low  grounds. 

The  diagram,  fig.  72,  will  help  to  explain  this  action,  and  to  shew 


Hills  of  Uptilting. 

what  is  meant  by  “ hills  of  uptilting”  compared  w'ith  “ hills  of  cir- 
cumdenudation.” 

Denudation  may  have  been  equally  active  in  both  cases,  or  even 
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more  extensive  in  tlie  “ uptilted”  than  the  other  case,  but  the  com- 
parative elevation,  or  the  hilly  form  of  the  groimd,  is  in  the  one  caused 
chiefly  by  the  denudation  of  the  surrounding  parts,  while  in  tlie  other 
case  the  hills  are  not  nearly  so  lofty  as  they  would  have  been  if  the 
denudation  had  not  existe<l. 

All  the  great  mountain  chains  of  the  world,  and  many  of  the  smaller 
ones,  belong  to  the  class  here  spoken  of  as  hiUs  of  iiptilting. 

Valleys^  Glens,  and  Ravines,  always  caused  by  denudation. — Valleys 
of  all  kinds,  except  one  class  to  be  mentioned  subsequently  among  vol- 
canoes, are  valleys  of  simple  denudation.  They  have  always  been 
eroded  or  worn  by  the  action  of  moving  water  gradually  cutting  away 
rock  from  between  the  higher  gix)unds. 

The  valleys  formerly,  and  still  sometimes,  spoken  of  as  “ valleys  of 
elevation,”  and  valleys  of  fracture,  if  by  that  term  be  meant  valleys 
formed  solely  or  chiefly  by  the  violent  opening  or  gaping  of  the  ground 
upwards,  have  no  existence  in  nature. 

Even  among  the  most  violently  disturbed  and  contorted  mountain 
chains,  the  most  rugged  chiunns  and  raWiies  can  in  no  case  be  shewn  U> 
have  been  the  result  of  such  surface  fracture  of  the  ground,  but  are  in 
all  cases  the  result  of  the  erosion  of  moving  water,  and  are  caused  by 
some  form  of  the  action  here  spoken  of  as  denudation. 

Action  of  denudation  proved  by  outcroj)  of  Beds  {especially  over  Con- 
tortions) by  Escarpments,  and  by  Outliers. — The  action  of  denudation  has 
been  so  universal,  that  its  very  universality  often  causes  the  evidence 
for  it  to  be  overlooked. 

In  examining  the  outcrop  of  a set  of  beds  along  the  surface  of  the 
ground,  either  in  “ the  field”  or  by  aid  of  geological  maps  and  sections, 
we  must  be  often  struck  with  the  fact  that  the  present  terminations  of 
the  beds  are  not  their  former  or  original  terminations.  Beds  rise  suc- 
cessively to  the  surface,  and  end  there  abruptly,  that  were  once  obviously 
continued  beyond  or  above  the  jiresent  surface  of  the  ground.  In 
fig.  29,  p.  235,  the  beds  on  the  beach  and  those  in  the  cliff  are  the  same. 
It  is  clear  tliat  they  have  been  cut  dowm  on  the  beach  to  their  present 
level,  and  tlmt  before  they  w’ere  so  cut  down  they  rose  upwards  to  the 
same  height  as  those  in  the  cliff.  In  the  same  way,  those  in  the  cliff 
itself,  and  which  stretch  from  it  into  the  land,  formerly  extended  up- 
wards to  a greater  height  than  they  now  do.  Now,  in  many  instances 
w'e  can  tell  how  for  they  formerly  extended  upwards.  In  figs.  32,  33, 
and  34,  the  anticlinal  and  sjmclinal  curves  into  which  the  beds  are 
thrown  enable  us  to  estimate  the  amount  of  this  cutting  down  or  denu- 
dation for  the  beds  there  drawn.  In  fig.  32,  we  see  that  beds  2,  3,  4, 
bend  continuously  over  No.  1 ; and  we  should  naturally  conclude  that 
beds  6,  6,  7,  8,  etc.,  once  equally  extended  continuously  over  the  anti- 
clinal, A.  If  we  doubted  the  fact,  we  should  be  convinced  of  it  when 
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we  traced  them  in  the  map  (fig.  33),  and  found  them  gradually  meeting 
and  continuous  over  the  anticlinal  farther  towards  the  north,  as  repre- 
sented in  fig.  34. 

Similarly  in  the  synclinal  curve  B,  though  M'e  might  sup}x>se  by 
the  section,  fig.  32,  that  No.  13  was  the  highest  bed,  we  should  find  in 
the  j)lan,  fig.  33,  that  towards  the  north  it  was  overlaid  by  beds  14, 
1 5,  etc.,  as  shewn  in  section,  fig.  34 ; and  we  should  be  compelled  to 
conclude  that  the  latter  had  once  been  continuous  over  the  whole. 
The  dottetl  lines  in  fig.  32  would,  if  completely  carried  out,  and  bed  13 
were  represented  as  arcliing  continuously  over  A,  give  us  the  measure 
t)f  the  amount  of  solid  rock  removed  by  denudation  from  above  the 
present  surface  of  the  ground  E F,  so  far  as  the  beds  there  ilravTi  are 
concerned  ; and  the  dotted  lines  in  fig.  34  shew  us  that  this  conclusion 
may  be  still  farther  extended. 

It  makes  no  material  difference  in  this  reasoning  whether  we  sup- 
pose the  spaces  1,  2,  3,  etc.,  to  represent  single  small  beds  of  a foot  or 
two  in  thickness,  or  groups  of  such  beds,  and  suppose  the  whole  series, 
1 to  15,  to  represent  a vertical  thickness  of  many  hundred  or  many 
thousands  of  feet. 

Neither 'would  it  make  any  difference  in  our  reasoning,  so  far  as  the 
amount  of  denudation  is  concerned,  if  we  w’ere  to  supjwse,  in  all  those 
cases  in  which  great  thicknesses  are  concerned,  that  the  whole  number 
of  beds  were  never  continuous  over  the  anticlinal  curves  after  the  total 
amount  of  elevation  had  been  reached.  It  is,  indeed,  most  probable, 
in  all  cases  that,  simultaneously  with  the  first  arching  of  the  beds,  the 
denuding  forces  b(^an  to  act,  or  at  all  events  that  they  did  so  as  soon 
as  the  rocks  were  brought  up  within  their  reach,  and  that  long  before 
the  be<l  No.  1 attained  its  present  high  level  over  the  axis  of  the 
curve,  more  or  less  of  the  higher  beds  7,  8,  or  12,  13,  etc.,  had  been 
removed,  and  a surface  given  to  the  rocks  more  or  less  approximating 
to  the  surface  they  at  present  possess. 

Another  very  clear  case  in  which  we  can  estimate  the  amount  of 
denudation  is  that  of  an  “ outlier.”  It  often  happens  that  a number  of 

beds,  rising  at  a slight 
angle  from  beneath 
the  surface,  end  in  a 
steep  sloj)e  or  “ escarp- 
ment,” as  at  A in  fig. 
73.  In  front  of  this 

escarjunent  there  often 
Escarpment  and  outlying  biU.  isolatcKl  hill 

as  B,  W'hich  is  called  an  “ outlier.”  In  descending  the  escarpment, 
we  pass  over  the  edges  of  the  beds  11,  10,  9,  8,  etc.,  in  regular 
succession,  and  find  4 coming  out  from  beneath  them,  and  stretch- 
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ing  contiiuioiisly  across  the  intermediate  flat  or  valley,  and  forming 
the  base  of  the  hill  B ; and  on  ascending  the  side  of  B,  we  find 
the  very  same  beds  5,  6,  7,  8,  resting  on  each  other  in  the  same 
order  as  we  saw  them  in  the  escarpment  A,  and  at  the  same  angle  of 
inclination,  so  that  the  conclusion  becomes  irresistible  that  they  were 
once  continuous  across  the  inter\’cning  space  C.  This  space  then  is  due 
to  the  erosive  action  which  has  removed  the  upper  beds,  and  denuded 
or  laid  bare  the  lower  bed  No.  4,  across  the  valley  C,  and  for  an  in- 
definite distance  on  the  other  side  of  the  hill  B.  We  should  feel  quite 
certain  that  not  only  the  beds  1,  2,. 3,  4,  but  also  5,  6,  7,  etc.,  had 
stretched  across  this  space  fonnerly,  and  had  also  extended  beyond  the 
hill  B for  some  indefinite  distance  in  the  direction  of  D.  This  latter 
conclusion  we  should  in  many  cases  find  confiiiiied  by  the  occurrence, 
at  a distance  perhaps  of  many  miles  beyond  B,  in  the  direction  D,  of  a 
locality  where  the  beds  dipping  in  an  opposite  direction  from  that  in 
fig.  73,  these  very  same  beds  (1  to  8 of  fig.  73)  are  brought  in  again 
in  the  very  same  order  and  with  exactly  the  same  character  as  before. 
(See  fig.  74.)  In 
some  cases,  such  a 
little  isolated  basin 
forms  the  only  re- 
maining patch  of  the 

beds  left  in  this  new  Outlying  basin, 

district,  the  disturbing  action  having  there  caused  them  to  dip  dowui 
below  the  level  of  the  surface  which  has  been  formed  by  the  denuding 
agent,  and  remain  as  a monument  of  their  former  extension  over  the 
wide  inter\'ening  space  between  this  new  locality  and  that  of  the  escarp- 
ment and  outlier  before  mentioned.* 

Geological  maps  of  laige  countries  often  enable  us  to  prove  by  such 
reasoning  as  this  the  former  extension  of  a great  mass  of  beds  over  very 
wide  areas,  and  conse<iuently  the  very  large  amount  of  denudation  that 
lias  taken  place. 

Instances  of  denudation  in  the  south  of  Ireland. — In  the  south  of 
Ireland,  for  instance,  several  large  detached  areas  of  the  rocks  known 
us  the  Coal-measures  occur  resting  in  hollows  forined  by  the  upper  beds 
of  the  formation  known  as  the  Carboniferous  lime.stone.  Tliese  Coal- 
measure  beds  usually  end  in  an  escarpment  overlooking  lower  ground 
formed  by  the  limestone,  as  at  A in  fig.  75. 

Tlie  escarpments  in  these  widely  separated  tracts  of  Coal-measures 
are  so  similar,  and  the  beds  composing  them  so  precisely  alike,  that  it 
is  impossible  to  suppose  otherw'ise  than  that  they  originally  formed 

* For  some  strikiug  details  on  tlie  subject  of  denudation,  see  Professor  Ramsay’s  paper 
on  the  Denudation  of  South  Wales,  etc.,  in  Memoirs  of  the  Geological  Surrey  of  Great 
Britain,  voL  i, 
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continuous  slieets  of  rock,  although  they  are  now  separated  by  sixty  or 
eighty  miles  of  ground  composed  of  undulating  beds  of  rock  that  lie 
below  the  Coal-measures.  This  l>elief  is  strongly  confirmed  by  the  fact, 
that  there  are  often,  between  the  two  larger  areas,  several  little  outlying 


Escarpment  of  Irish  Coal  measnroa  overlooking  plain  of  Carboniferous  limestone. 


patches  in  wliich  tlie  Coal-measures  are  found  capping  the  summiLs  of 
small  hills,  as  at  B in  fig.  75,  and  that  wherever  the  undulation  of  the 
limestone  is  such  as  to  bring  its  upper  beds  down  beneath  the  level  of 
the  present  surface  of  the  ground,  we  invariably  find  some  of  the  lower 
beds  of  the  Coal-measures  coining  in  upon  them. 

The  Slierenamuck  Fault. — At  one  of  these  intermediate  points 
there  is  a great  fault  with  a dowTithrow  to  the  north  of  not  less  than 
4000  feet,  as  shewTi  in  fig.  76. 


jPmly 
C.L  rie^S. 


0.R.S 


Fig.  7«. 

Section  shewing  the  Slievcnaiuuck  fault  near  Tipperary. 


Cm.  Coal-mea-sure.s.  O.  R.  8,  Old  Re<l  Sandstone. 

C.  L.  Carboniferous  Limestone.  8.  Bilurion  Rocks. 


Tlie  Coal-measures  here  are  about  800  feet  thick,  and  rest  on  Car- 
boniferous limestone,  of  which  numerous  beds  crop  out  towards  the 
north,  making  a total  thickness  apparently  of  not  much  less  than  3000 
feet. 

From  undementh  this  limestone  certain  beds  of  sandstone,  called 
Old  Red  Sandstone,  crop  to  the  north,  fonning  a low  liill,  which  may 
be  called  the  Emly  Ridge.  The  thickness  of  this  Old  Red  Sandstone 
is  not  there  determinable. 

In  the  country  to  the  south,  however,  we  get  the  same  Carbonifer- 
ous limestone  in  the  vale  of  Aherlow,  -with  the  same  Old  Re<l  Sandstone 
rising  from  underneath  it,  and  forming  a hill  called  Slievenamuck,  1200 
feet  high.  In  this  hUl  its  beds  ore  well  seen,  nearly  from  top  to 
bottom,  and  their  total  thickness  cannot  be  less  than  1000  feet  More- 
over, .on  the  northern  slope  of  this  lull,  the  bottom  beds  of  the  Old  Red 
Sandstone  are  exposed,  and  may  be  observed  to  rest  on  the  uptilted 
and  previously  denuded  edges  of  certain  slates  and  grits  which  are  of 
much  greater  geological  age,  and  probably  belong  to  the  formation 
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known  as  Lower  Silurian,  and  some  depth  of  these  are  shewn  on  the 
face  of  the  hill.  But  on  descending  the  hill,  a little  lower,  we  come 
suddenly  on  to  the  Coal-measures  dipping  at  a gentle  angle  to  the 
south,  and  abutting  directly  against  the  Lower  Silurian  rocks,  shewing 
a down-tlirow  to  the  N.  equal  to  the  whole  amount  of  the  thickness  of 
the  rocks  above  mentioned,  namely,  1000  feet  of  Old  Red  Sandstone  ; 
3000  feet  of  Carboniferous  Limestone,  and  800  feet  of  Coal-measures, 
or  taking  a minimum  4000  feet. — (See  Sheet  6 of  the  Horizontal 
Sections,  and  Explanation  of  Sheet  154  of  the  Maps  of  the  Geol. 
Survey  of  Ireland  by  Mr.  J.  O’Kelly). 

This  section,  when  examined  in  connection  with  tlie  surrounding 
district,  is  a very  instructive  one.  We  may  learn  from  it — 

That  the  rocks  called  Lower  Silurian  were  greatly  disturbed 
and  denuded  so  as  to  have  a surface  formed  across  the  edges  of  their 
beds  before  any  other  rock  was  deposited  upon  them. 

2diy.  That  upon  the  surface  so  formed  the  series  of  sandstones 
called  the  Old  Red  Sandstone  were  deposited  horizontally,  and  without 
any  disturbance,  and  that  the  whole  of  the  Carboniferous  limestone  and 
the  Coal-measures  were  similarly  accumulated  over  the  Old  Red  Sand- 
stone in  regular  unbroken  order,  by  parallel  or  “conformable”  deposi- 
tion, so  as  to  make  a thickness  of  horizontal  beds  at  least  eqiml  to 
4000  feet. 

We  learn  that  subsequently  to  the  deposition  of  the  last  of 
these  beds  disturbance  took  place,  the  rocks  were  lifted  up,  tilted  and 
broken  through,  and  that  dislocation  took  place  to  the  amount  just 
stated. 

4th!y.  At  the  time  that  this  dislocation  took  place  the  Coal-mea.sures 
must  certainly  have  existed  generally  over  the  surface,  or  the  disloca- 
tion could  not  have  brought  down  beds  belonging  to  them — a conclusion 
confirmed  by  the  occun*ence  of  other  isolated  patches  of  Coal-measures 
still  existing  aU  roimd  the  district  at  the.  distance  of  a few  miles  from 
this  spot. 

bth.  Since  the  disturbance  of  the  country,  denudation  has  removed 
all  the  Coal-measures  from  off  the  district  except  the  patches  mentioned 
above,  and,  moreover,  has  removed  large  portions  of  the  upper  part  of 
the  Carboniferous  limestone,  since  the  lower  beds  of  that  formation  now 
api>ear  at  the  surface  in  the  greater  part  of  the  neighbourhood.  But  it 
has  done  more  than  that,  for  in  those  spots  where  the  Old  Red  Sand- 
stone now  forms  the  surface  rock,  not  only  the  whole  of  the  Coal- 
measures,  but  the  whole  of  the  limestone  must  have  been  removed,  and, 
moreover,  it  has  cut  deeply  into  the  Old  Red  Sandstone,  and  in  some 
places  right  through  even  that,  and  swept  it  clear  away,  so  as  to  re- 
expose the  old  denuded  surface  of  the  Lower  Silurian  rocks,  on  which 
the  Old  Red  Sandstone  was  deposited,  and  has  even  gone  yet  furtlier 
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still,  for  tliis  more  recent  denudation  has  in  some  adjacent  localities, 
especially  along  the  northern  slope  of  the  Galty  mountains,  which  lie 
south  of  the  vale  of  Aherlow,  eaten  down  so  as  to  wear  deep  hollows 
and  valleys  into  the  Lower  Silurian  rocks  themselves,  sevend  hundred 
feet  below  that  surface  on  which  the  Old  Red  Sandstone  was 
deiwsited. 

General  Structure  of  the  South  of  Ireland, — But  the  conclusions 
deduced  from  the  examination  of  the  structure  of  tliis  jmrt  of  Tipperary 
may  be  extended  to  the  whole  of  Ireland,  over  the  greater  part  of 
which  the  .above-named  formations  are  to  be  found  undulating  above  and 
below  the  present  surface  of  the  groimd,  the  Coal-measures  coming  in 
generally  as  high  land  resting  in  a basin  of  the  Carboniferous  limestone 
us  at  B,  fig.  75,  and  the  Old  Red  Sandstone,  and  Silurian  rocks  rising 
out  from  underneath  the  limestone  often  into  hills  still  loftier  than 
the  highest  parts  of  the  Coal-measures,  and  commonly  causing  great 
anticlinal  curves  in  the  Old  Red  Sandstone. 

The  Conuneraghs,  the  Knockmealdowns,  the  Gal  tees,  the  Slieve- 
bloom,  the  Keeper  grouj),  and  the  higher  mountains  of  Kerrj’  and  Cork 
generally,  all  come  within  the  latter  class. 

Fig.  77  is  a diagrammatic  section  nmning  from  W.  to  E.  across  the 
“ DeWl’s  Bit  range,”  a jiart  of  the  Kee|>er  group  where  the  original 


Fig.. 77. 

Diagrammatic  section  across  the  Devil’s  Bit  Mountain. 

C.Tj.  Carlnmifennis  IJniCHtonc. 

O.R.8.  Old  Red  SnndsUme,  its  denuded  i>art  being  shewn  bj'  the  dotted  lines. 

S.  Lower  Silurian  rocks. 

anticlinal  fonn  of  the  Old  Red  Sandstone  is  proved  by  a small  capping 
of  it  left  on  the  summit  of  the  hill.* 

Farther  south  and  south-west  of  this  jx)int  the  Old  Red  Sandstone 
is  much  thicker,  and  has  not  therefore  been  so  often  worn  through  and 
removed  by  the  denudation  as  in  the  Keeper  and  Galty  groups.  Figs. 
75,  76,  and  77  will  give  a good  general  notion  of  the  structure  of  most 
of  the  hiUs  of  Ireland. 

Tliis  description  may  be  extended  also  to  Scotland,  and  to  large 
]>orts  of  England  and  the  Continent,  and,  indeed,  to  every  country  in 
the  world  so  far  as  the  principles  are  concerned,  and  making  allowance  for 

* Sec  Mr.  A.  B.  WjTincs’  dcBcription  of  this  district  in  the  Explanations  of  Sheets  136 
and  145  of  tl>e  Geol.  Sur\’ey  of  Ireland. 
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differences  in  the  formations  and  in  the  positions  into  which  they  are 
thrown. 

Plains  caused  hy  Bemidation. — It  has  been  already  said  that  the 
very  plains  ^d  low  lamia  themselves  are  in  some  cases  the  result  of 
denudation,  whole  mountains  of  rock  having  been  removed  from  them. 
The  centred  plain  of  Ireland  gives  us  an  excellent  example  of  this 
principle  also,  as  the  rocks  below  it  consist  chiefly  of  beds  of  the  lower 
j)art  of  the  Carboniferous  limestone,  from  which  the  Coal-measures  and 


Fig.  78. 

Representing  general  atructure  of  central  j»lains  of  Ireland,  formed  of  undulating  beds 
of  the  lower  part  of  the  Carboniferous  limestone,  covered  here  and  there  with  limestone 
gravel. 

upper  parts  of  the  limestone  have  been  removed  ; a general  thickness 
of  2000  or  3000  feet  at  least,  perhaps  even  6000  or  6000  feet  of  rock 
being  thus  lost  It  is  the  case  also  with  the  low  lands  of  Wexford  and 
other  parts  of  Ireland,  in  wiiich  highly  inclined,  often  vertical,  beds  of 
Low’er  Silurian,  and  even  of  still  lower  Cambrian  rocks,  are  found  just 
beneath  the  surface.  • 

This  is  true,  also,  of  Anglesea,  and  the  lower  parts  of  Caernarvon- 
shire, wiiich  have  a surface  made  across  the  eroded  ends  of  uptilted 
Cambrian  and  Lower  Silurian  beds,  that  were  undoubtedly  once  buried 
deep  beneath  the  higher  beds  that  form  the  summits  of  the  hills  of  the 
Snowdon  range. 

It  is  remarkable  that,  in  Wales,  it  is  in  Anglesea  only,  where  the 
denudation  seems  to  have  cut  deejiest,  that  we  meet  with  granite,  and 
that  in  Leinster,  where  we  have  the  largest  exposure  of  granite  in  the 
British  Islands,  the  denudation  can  be  shewTi  to  have  been  enormous, 
but  we  will  defer  the  discussion  of  this  part  of  the  subject  till  we 
come  to  examine  the  petrological  relations  of  granite.  It  is  sufficient 
for  our  present  purpose  to  shew  that  many  low  lands  are  low  because 
mountains  of  rock  have  been  removed  in  order  to  form  their  present 
surface. 

Inconceivable  time  required  for  action  of  Denuding  forces. — ^The 
only  agent  to  which  we  can  reasonably  attribute  the  destruction  and 
removal  of  masses  of  rock,  notwithstanding  that  they  were  many 
thousands  of  feet  in  thickness,  and  many  hundred  thousand  square 
miles  in  extent,  is  the  slow  and  gradual  gnawing  of  the  sea  breakers 
upon  coasts,  an  action  alwa}’s  tending  to  plane  down  land  to  a little 
below  the  level  of  the  upper  surface  of  the  ocean. 
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The  time  required  for  such  a slow  process  to  effect  such  enormous 
results,  must  of  course  be  taken  to  be  inconceivably  great.  The  word 
“ inconceivably  ” is  not  iLsed  here  in  a vague  but  in  a literal  sense,  to 
indicate  that  the  lapse  of  time  required  for  the  denudation  that  has 
produced  the  present  surfaces  of  some  of  the  older  rocks  is  vast  beyond 
any  idea  of  time  which  the  human  mind  is  capable  of  concehdng. 

l^Ir.  Dan\'in  in  his  admirably  reasoned  book  on  the  origin  of  species, 
80  full  of  information  and  suggestion  on  all  geological  subjects,  estimates 
the  time  requiied  for  the  denudation  of  the  rocks  of  the  Weald  of  Kent, 
or  the  erosion  of  the  space  between  the  ranges  of  chalk  hills  known  as 
the  North  and  South  Downs,  at  three  hundred  millions  of  years.  The 
grounds  for  forming  this  estimate  are  of  course  of  the  vaguest  descrip- 
tion. It  may  be  po.ssible,  jxjrhaps,  that  the  estimate  is  a himdred  times 
too  great,  and  that  the  real  time  elapsed  did  not  exceed  three  million 
years ; but,  on  the  other  hand,  it  is  just  as  likely  that  the  time  which 
actually  elapsed  since  the  first  commencement  of  the  erosion  till  it 
was  nearly  as  complete  as  it  now  is,  was  really  a hundred  times  greater 
than  his  estimate,  or  thirty  thousand  millions  of  years.* 

The  only  object  w’e  can  have  in  mentioning  such  numbers,  is  to  make 
more  clear  wdiat  it  is  we  mean,  when  speaking  of  the  lap.«Kj  of  geological 
time.  It  is  not  till  we  have  raised  our  notions  of  geological  time  up  to 
the  height  of  believing  that  we  have  recorded  in  the  crust  of  the 
earth  the  lapse  of  many  periods,  each  consisting  of  many  thousands  of 
millions  of  years,  that  we  are  able  to  conceive  the  possibility  of  agents 
such  as  we  see  now  at  work  on  the  earth  producing  the  great  effects 
which  have  been  produced. 

Atmospheric  Demidation  as  sheicn  in  the  valley  of  Moselle  and  other 
rivers. — The  allowance  of  these  vast  spaces  of  time  enables  us  to  imder- 
stand  also  another  varietj'  in  the  fiction  of  denudation,  that,  namely, 
exercised  by  rivers  running  upon  dry  land. 

The  vallev  of  the  Moselle  river,  and  the  ravines  of  its  northern 
tributaries  in  the  country  of  the  lower  Eifel,  give  us  an  admirable  in- 
stance of  this  river  denudation,  as  I convinced  myself  during  a short 
excursion  tlirough  that  region  in  the  summer  of  1859.t  That  coimtry 
is  composed  of  highly  and  variously  inclined  palaeozoic  rocks,  probably 
of  some  Silurian  age.  Its  general  surface  forms  a gently  undulating 
land  about  1000  or  1200  feet  above  the  level  of  the  sea.  This 
country  is  dotted  over  with  a great  number  of  the  most  curiously 

• The  bare  counting  of  thirty  thousand  mUlioiis  at  a rate  of  sixty  in  a minute  for  every 
hour  in  tlic  twenty  four,  would  occupy  050  years ; since  the  niunber  of  seconds  in  865  days 
is  only  thirty  one  and  a half  milIion.s. 

t Professor  Ramsay,  whon>  I joined  at  Bertrich  on  that  occasion,  and  under  whoso 
guidance  I spent  a few  days  in  examining  the  countrj’,  liad  arrived  at  the  same  conviction. 
It  was  almost  the  first  subject  of  conversation  between  us  on  meeting,  and  wc  found  our 
opinions,  independently  formed,  in  perfect  agreement  on  the  point. 
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minute  volcanic  cones  and  craters  to  be  foimd,  I should  think,  any- 
where in  the  world.* 

It  is  also  furrowed  by  niuiierous  narrow  ravines  with  steep,  some- 
times precipitous  sides,  which  cut  do'wn,  as  they  near  the  Moselle,  to 
depths  of  600  or  800  feet  below  the  general  siu’face  of  the  coimtry, 
and  wind  through  it  with  the  most  sinuous  cun’^es  imaginable.  The 
Moselle  itself  works  its  way  through  the  district  by  an  equally 
tortuous  course,  forming  loops  that  after  a bend  of  some  miles  often 
cut  back  so  as  to  leave  but  a narrow  ridge  between  some  pails  of  the 
ever-curving  reaches  of  the  river.  This  singularly  winding  valley  is 
both  narrow  and  deep,  being  closely  environed  on  all  sides  by  steep 
precipitous  banks,  800  or  1000  feet  in  height,  with  fre([uently  no 
more  room  between  their  opposing  bases  than  just  sufficient  for  the  river 
itself. 

It  is  clear  that  such  deep  winding  channels  in  hard  rock  could  not 
have  been  excavated  by  the  waters  of  the  sea,  or  by  any  other  conceiv- 
able action  than  thatof^vater  running  in  lines  over  dry  land,  and  de- 
flected hither  and  thither  according  as  it  was  turned  aside  by  meeting 
with  oljstacles  or  induced  by  facilities  to  its  passage — in  other  words, 
by  rivei-s. 

The  shapes  of  the  curves  are  exactly  like  those  made  by  a river 
traversing  an  alluvial  flat. 

Fig.  79  will  serve  to  explain  the  difference  between  the  wide-spread 


probably  marine  denudation,  by  which  the  general  surface  of  the 
coimtry.  A,  B,  C,  D,  has  been  produced,  in  consequence  of  the  removal 
of  the  rock  marked  by  the  dotted  lines,  and  the  local  river  action 
which  has  cut  down  below  that  surface  so  as  to  form  the  ravines  or,  y,  z. 
The  letters  refer  to  the  volcanic  rocks  ; and  it  is  obvious  from  the 
patches  of  lava  now  found  in  the  bottom  of  the  valleys  that  those  exca- 
v'ations  were  very  much  in  their  present  state  wlien  the  volcanic  erup- 

* Tlie  volcanoes  near  Bertricli,  such  a.s  the  Falkcnlei  and  the  Facherhue,  are  really 
pocket  editions,  almost  cabinet  si»ecimens,  of  volcanoes,  the  cones  not  exceeding  fifty  feet 
in  height,  or  a hundred  yards  in  diameter  at  the  base. 
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tionB  took  place,  although  the  craters  hurst  out  on  the  higher  land — a 
circumstance  which  makes  it  probable  that  the  depth  of  the  valleys  is 
infinitessimally  small  compared  with  that  of  the  source  of  the  volcanic 
action. 

The  far  larger,  or  at  least  much  wider  valleys  excavated  through 
the  soft  tertiary  rocks  of  the  Auvergne  country  have  been  similarly 
the  result  of  river  and  weather  denudation,  as  is  shewn,  not  so  much 
by  their  form,  as  by  the  relation  to  them  of  the  various  and  successiv^e 
streams  of  lava  from  the  neighbouring  volcanoes  and  the  river 
channels  which  have  cut  through  the  lava  streams,  as  well  as  by  the 
absence  of  any  marine  “ drift  ” and  the  presence  of  fresh- water  gravel 
and  other  deposits  proving  the  absence  of  the  sea. — ^e  Scrope^a  Vol- 
canoes of  Central  France^  chap,  ix.) 

I believe  that  many  of  the  river  valleys  of  our  own  islands  have,  in 
like  manner,  been  excavated  by  the  rivers  themselves  to  a much 
greater  extent  than  we  have  been  in  the  habit  of  supposing. 

Different  periods  of  Denuding  Action. — In  examining  the  denu- 
dation that  has  affected  the  older  rocks,  it  is  necessary  to  be  on  our 
guard  against  attributing  the  whole  of  it  to  any  one  period,  and  espe- 
cially to  the  last  period  during  ■which  denudation  has  been  active  on 
the  country. 

Our  present  land  surfaces  are,  in  almost  all  cases,  the  result  of  many 
periods  of  action,  both  marine  and  atmospheric — those  periods  having 
been  often  separated  by  great  intervals  of  time. 

With  respect  to  the  surfaces  on  the  older  rocks,  it  is  often  easy  to 
shew  that  the  principal  action  of  denudation  that  aflected  them  took 
place  at  a very  early  geological  period,  and  that  our  present  surfaces 
are  either  themselves  very  old  surfaces  geologically,  or  that  at  least  they 
differ  from  a very  old  surface  much  less  than  that  differed  from  thye 
original  surface  of  deposition  that  existed  immediately  after  the  forma- 
tion of  the  rocks. 

On  turning  to  figs.  76  and  77,  for  instance,  we  see  that  the  base 
of  the  Old  Red  Sandstone  in  Slieve-na-muck  rests  upon  an  old  surface 
that  was  formed  across  the  edges  of  the  beds  of  the  Lower  Silurian  for- 
mation during  some  time  antecedent  to  the  formation  of  the  Old  Red 
Sandstone,  which  wjis  deposited  upon  these  denuded  edges. 

This  peculiarity  of  position  is  called  unconformability,  which  it  is 
necessary  we  should  examine  in  order  to  rightly  imderstand  the  e-vi- 
dence  in  support  of  the  different  periods  of  denudation  and  different 
ages  of  land  surface. 


CHAPTEE  XVI. 


UNCONPORMABILITY  AXD  OVERLAP. 

✓ 

Uncoiiformahility  arises  from  a surface  of  Denudation  having  been 
formed  in  one  set  of  Beds  before  the  Deposition  of  another  set. — ^Wlien  one 
group  of  beds  rests  upon  the  denuded  edges  of  another  group,  the  upper 
is  said  to  be  unconformable  to  the  lower  group.  In  most  cases  the 
lower  group  will  have  been  tilted  before  the  edges  of  its  beds  were 
denuded,  and  the  upper  group  will  be  deposited  upon  those  uptilted 
and  denuded  edges,  so  that  there  will  be  a marked  difference  in  the 
“ lie  ” of  the  two  sets  of  rocks.  It  has  resulted  from  tliis  that  the  com- 
monly received  idea  of  unconformabiUty  refers  rather  to  this  difference 
in  their  “ lie  ” than  to  the  fact  of  the  intermediate  period  of  denuda- 
tion. 

The  following  is  the  most  general  statement  of  what  constitutes 
“ unconformability  — When  the  base  of  one  set  of  beds  rests  in  different 
places  on  different  parts  of  another  set  of  bedsy  the  two  are  unconformable 
to  each  other. 

For  imconformability  to  arise,  then,  there  must  be  two  different 
sets  or  groups  of  beds  wMch  had  an  interval,  more  or  less  great,  between 
their  periods  of  production,  that  interval  being  unrepresented  by  any 
deposition  in  the  place  where  the  unconformity  exists,  though  it  must 
be  marked  by  a more  or  less  obvious  denudation. 

Overlap,  on  the  other  hand,  takes  place  only  in  the  same  set  of 
beds,  or  in  different  sets  of  the  same  conformable  series. 

In  fig.  80  we  have  represented  one  of  the  simplest  cases  of  uncon - 


Fig.  80. 

simple  Tmconformability. 


formability  in  which  the  lower  groups  of  beds  m m have  been  uptilted 
and  denuded,  so  as  to  form  the  horizontal  surface  A B,  on  which  the 
beds  X X have  been  deposited. 
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Instances  are  not  wanting,  however,  in  which  the  lower  set  of  beds 
have  had  their  edges  denuded  vdthout  being  tilted  from  the  horizontal, 
or  at  all  events  having  so  close  an  approximation  to  horizontality  at 
the  tiine  of  the  deposition  of  the  superincumbent  beds,  that  no  sensible 
difference  is  now  to  be  detected  in  the  “lie”  of  the  two  groups  in  the 
places  where  they  are  exposed.  Fig.  81  vill  serve  to  explain  this  case,  in 
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Fig.  81. 


which  the  beds  m m still  remaining  horizontal  have  had  their  surface 
A B worn  in  some  places  into  hollows  and  cliffs,  in  or  against  which 
the  beds  X X have  been  deposited.  If  these  two  sets  of  beds  chance 
to  be  exposed  in  places  where  the  surface  A B hapixiiied  to  be  hori- 
zontal at  the  time  of  the  deposition  of  X X,  as  in  the  parts  l>etween 
A C or  D B,  their  unconformability  may  not  be  at  first  perceived. 

An  example  of  this  case  may  be  foimd  in  the  South  Staffordsliire 
coalfield,  where  the  beds  X X are  represented  by  the  Coal-measures,  and 
the  beds  m m by  the  Silurian  rocks. — (See  Mem.  of  Geol.  Survey,  Geo- 
logy of  S.  Staff.  Coalfield,  2d  edition,  p.  80.)  In  tme  unconformability, 
then,  the  lower  group  has  always  had  a new  surface  fonned  across  the 
edges  of  the  beds,  that  surface  being  somewhere  an  inclined  one  if  the 
beds  are  horizontal,  while,  if  the  beds  are  inclined,  the  surface  may 
be  horizontal,  or  may  cut  across  their  edges  at  any  angle  or  in  any 
direction. 

A paper  on  the  Shropshire  Coalfield  was  recently  read  before  the 
Geologicid  Society  of  London  by  Mr.  Scott,  from  wliich  it  appeared  that 
the  ujiper  part  of  the  Coal-meiusures  was  there  unconfonnable  to  the 
lower  part.  If  this  was  a case  of  real  unconfonnability,  it  is  probable 
that  it  was  of  a jmrely  local  kind,  and  mther,  perhaps,  an  extension  of 
what  has  previously  been  described  as  “ contemporaneous  erosion  and 
filling  up”  (.see  p.  193),  which  is  doubtless  a minor  and  purely  local  kind 
of  unconfoimability.  Tliis,  however,  as  it  takes  place  merely  in  a 
smaller  portion  of  one  group  of  rocks,  is  not  to  be  confounded  with  the 
unconfonnability  that  exists  between  two  grouj)s. 

Successive  Unconfonnahilities  in  South  of  Ireland. — Very  compli- 
cated cases  of  unconformability  are  to  be  found  in  some  places,  esj^ecially 
among  the  older  rocks.  In  the  south  of  Ireland,  for  instance,  there  are 
cases  in  which  the  Lower  Silurian  beds  rest  unconfonuably  on  the 
upturned  and  denuded  edges  of  the  older  Cambrian  rocks,  while  they 
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present  a completely  discordant  surface  themselves  for  the  reception  of 
the  lower  beds  of  the  Carboniferous  formation,  which  likewise  not  only 
rest  unconformably  on  the  Lower  Silurian  beds,  but  are  themselves  often 
greatly  disturbed  and  denuded.  So  that  we  have,  within  a small  area, 
proofs  of  three  several  periods  of  elevation  and  denudation  having  taken 
place,  each  period  of  elevation  having  gone  the  extreme  length  of  placing 
the  rocks  in  some  parts  into  the  vertical  position,  and  each  period  of 
denudation  having  formed  a sui*face  across  the  edges  of  the  uptilted 
beds  before  the  next  deposition  took  place  upon  them. 

Pig.  82  is  a section  near  Ashford,  in  county  Wicklow,  shewing  the 


Section  from  south  to  north  across  the  Devil's  Olcn  and  Ballycullcn  Hill,  near  Ashford, 

County  Wfcklow. 

tmconformability  of  the  Lower  Silurian,  marked  S S,  on  the  Cambrian 
beds  marked  C C. 

Fig.  83  is  one  of  almost  innumerable  sketches  that  might  be  given 
in  which  the  unconformability  of  the  Old  Red  Sandstone  to  the  Lower 


Fig.  83. 

Sketch  of  the  cliffk  on  the  north  side  of  the  River  Sulr,  opposite  the  town  of  Watorford. 


Silurian  is  plainly  observable.  It  is  from  a sketch  by  Mr.  Du  Noyer  of 
the  cliffs  opposite  the  to\\Ti  of  Waterford,  in  which  the  Old  Red  Sand- 
stone may  be  seen  forming  slightly  inclined  beds  that  cap  the  hiUs,  and 
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rest  upon  the  edges  of  highly  inclined,  nearly  vertical,  beds  of  green  and 
blue  slate  belonging  to  the  Lower  Silurian  period. 

The  Carboniferous  limestone  of  the  south  of  Ireland  is  always  con- 
formable to  the  Old  Red  Seuidstone  below,  although  it  often  overlaps  it, 
in  consequence  of  the  comparatively  small  area  witliin  which  the  Old 
Red  Sandstone  was  deposited,  the  Carboniferous  Limestone  being  much 
more  widely  extended.  Li  one  place  near  Taghmon,  coimty  Wexford, 
a patch  of  the  Carboniferous  Limestone  was  found  resting  directly  on 
the  Cambrian  rocks,  and  at  a distance  of  nine  miles  from  the  remainder 
of  the  Carboniferous  Limestone,  shewing  that  the  Cambrian  had  there 
been  denuded  of  the  whole  of  its  former  covering  of  Lower  Silurian, 
and  the  Carboniferous  Limestone  spreading  beyond  the  limits  of  the 
Old  Red  Sandstone,  rested  directly  on  the  Cambrian. 

A similar  occurrence  is  kno^\Ti  near  Cor  wen  in  North  Wales,  where 
an  isolated  patch  of  Carboniferous  Limestone  rests  on  the  lower  |>art  of 
the  Upper  Silurian  rocks,  at  a distance  of  ten  miles  from  the  luain  mass 
of  the  Carboniferous  Limestone,  jv'hich  now  ends  in  an  abru2)t  escarp- 
ment, 600  feet  in  height,  just  north  of  Llangollen. 

These  two  cases  are  proofs  also  of  the  subsequent  denudation  of  the 
Carboniferous  Limestone  itself,  since  we  must  believe  that  the  now  sepa- 
rated jwrtions  formed  originally  parts  of  a continuous  mass  of  lime- 
stone that  covered  the  whole  surroimding  countrj’. — {See  sheets  74  iV.lK 
atid  74  N.E.  of  the  Geological  Maps  of  Englayid  and  WaleSy  and  sheet 
169  of  Ireland) 

In  the  south  of  Ireland  we  may  follow  the  boundary  of  the  Carboni- 
ferous Limestone  and  Old  Red  Sandstone  through  the  coimties  of  Kil- 
kenny and  Carlow,  so  as  to  find  the  most^convincing  j)roof  of  the  denudation 
of  the  Lower  Silurian  rocks,  even  to  the  extent  of  lajdng  bare  the  granite 
which  lay  beneath  them,  before  the  deposition  of  the  Old  Red,  and  of  the 


Section  from  N.W.  to  8.E.  over  Freagh  Hill,  1200  feet  Ulgh. 

S.  Lower  Silurian. 

O.  R.  8.  Old  Red  Bandatonc. 

C.  L.  Carboniferous  Limestone. 

subsequent  overlap  of  the  Carboniferous  Limestone,  and  its  deposition 
on  the  bare  granite  without  the  inter\'cntion  of  any  other  formation.* 

* It  Is  necessary,  in  order  to  explain  fully  the  subject  we  are  describing,  to  take  for 
granted  that  the  student  knows  what  the  Carboniferous  Limestone  and  Old  Red  Sandstone 
arc.  Ho  may  either  refer  to  their  description  os  given  further  on,  or  return  to  this  chapter 
at  a future  period. 
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Fig.  84  is  a diagrammatic  section  taken  across  Freagh  Hill,  a few 
miles  north  of  Thomastown,  in  the  county  of  Kilkenny.  The  Lower 
Silurian  rocks,  marked  S S,  were  disturbed  and  contorted,  and  a level 
surface  formed  across  their  edges,  on  which  the  Old  Red  Sandstone  was 
’ deposited  uncomformably,  ^vith  the  Carboniferous  Lime.stone  conformably 
upon, it.  Subsequent  elevation  and  denudation  has  removed  all  the 
Carboniferous  Limestone  from  all  the  high  ground,  and  also  the  Old  Red 
Sandstone,  except  one  or  two  patches  of  it,  re-exposing  in  places  the 
old  level  floor  or  surface  of  Lower  Silurian  on  which  it  was  deposited. 
But  it  has  even  gone  beyond  that,  for  the  valley  at  the  south-east  end  of 
the  section  has  probably  been  excavated  in  the  Lower  Silurian  by  the 
subsequent  denudation,  and  did  not  exist  at  the  time  the  Old  Red  Sand- 
stone was  deposited,  otherwise  it  would  have  been  filled  with  it,  and 
some  part,  at  least,  of  it  would  now  remain  there. 

Fig.  85  is  a diagrammatic  section  taken  a few  miles  south  of 
Thomastown,  where  the  denudation  that  had  acted  previously  to  the 


Fig.  85. 

Section  from  west  to  cast  through  Coolroe  hill,  and  across  tho  Airiglc  brook,  near  Olenpipc. 

G.  Granite. 

8.  Lower  Silurian.  . 

0.  R.  8.  Old  Red  Sandstone. 

deposition  of  the  Old  Red  Sandstone  had  laid  bare  a portion  of  granite, 
the  last  outlying  piece  of  granite  of  the  great  granite  band  of  Leinster. 
The  Lower  Silurian  rocks  are  traversed  by  granite  veins  in  the  neigh- 
bourhood, and  are,  near  the  granite,  altered  into  mica  schist,  and  their 
beds  arc  highly  inclined.  The  Old  Red  Sandstone,  on  the  other  hand, 
rests  upon  tlie  granite  quite  undisturbedly  ; it  is  quite  unaltered  by  the 
granite,  and  is  obviously  made  chiefly  of  the  sand  derived  from  the 
waste  of  the  granite,  containing  occasionally  even  pebbles  of  the  granite, 
though  not  so  many  pieces  of  granite  as  it  does  fragments  of  the  slate 
rocks,  M'hen  it  rests  upon  them.  The  granite  is  now  readily  decomposed 
and  easily  crumbles  into  sand,  and  did  so  apparently  quite  as  easily  at 
the  time  the  Old  Red  Sandstone  was  deposited  upon  it. 

There  is  here,  too,  every  appearance  of  a nearly  level  floor  having 
been  formed  upon  both  Lower  Silurian  and  granite  for  the  reception  of 
the  Old  Red  Sandstone,  and  proof  of  the  subsequent  denudation  having 
removed  the  extension  of  the  Old  Red  Stmdstone,  and  worn  hollows 
beneath  that  floor  down  into  the  subjacent  rocks. 

Fig.  86  is  a diagrammatic  section  representing  the  “ lie  ” of  the 
rocks  in  county  Carlow,  about  15  miles  north  of  Thomastown,  where 
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granite  and  Carboniferous  Limestone  lie  side  by  side,  making  low  gently 
undulating  ground,  largely  covered  with  limestone  gravel,  which  has 
been  omitted  in  the  diagram.  The  limestone  dips  gently  from  the 
granite,  but  is  quite  unaltered  by  it,  is  not  traversed  by  any  veins  from 
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Section  from  west  to  east  in  county  Carlow. 

G.  Granite. 

O,  R S.  01(1  Red  Sandstone. 

C.  L.  Carlxmiferous  Limestone. 

it,  and  was  evidently  deposited  in  the  sea  uj)on  a bare  floor  of  granite, 
just  in  the  .same  way  that  bed.s  might  now  be  deposited  upon  the  bare 
granite  if  it  were  again  depre.ssed  beneath  the  sea,  or  a.s  the  limestone 
gravel  was  deposited  on  it  at  the  last  period  of  submergence.  No  Old 
Red  Sandstone  appears  liere  from  beneath  the  Carboniferous  Limestone, 
as  it  gradually  thins  out  and  di.'yipjayirs  as  we  proceed  north  from 
Thonmstown.  As,  however,  it  does  appear  again  a few  miles  to  the 
westward,  some  lais  been  introduced  into  the  diagram  (fig.  84)  to  suggest 
the  probal)le  mode  of  its  occurrence  in  that  direction. 

That  the  limestone  was  deposited  upon  the  previously  existing  and 
previously  denuded  granite  is  proved  by  what  takes  place  still  farther 
north  in  county  Dublin,  where  angular  fragments  of  granite  are  found 
included  in  the  limestone,  as  wall  be  described  presently. 

Denudation  involves  existence  of  Dry  Land^  Unconformahility  tJiat 
of  subsequent  Depression. — From  what  has  now  been  said  on  denudation 
and  unconformability  it  will  be  plain  that  denudation,  or  the  produc- 
tion of  a new  surface  on  rock,  can  only  tike  place  as  a consequence  of 
the  elevation  of  the  rock  up  to  or  above  the  sea  level,  and  seems, 
therefore,  ti)  involve  the  necessity  of  the  appearance  of  dry  land,  in 
some  part,  at  least,  of  the  area  which  is  allected  by  the  denudation. 
Unconformability,  or  the  deposition  of  fresh  beds  upon  a denuded 
surface,  of  course  necessitates  the  depression  of  that  surface  below  the 
water,  in  which  alone  these  aqueous  rocks  can  be  formed. 

The  occurrence  of  this  discordance,  then,  between  the  upper  surface 
of  one  set  of  beds  and  the  lower  surface  of  another,  may  in  itself  be 
taken  as  a ]>roof  of  elevation,  denudation,  and  8ub.se<iuent  <lepression 
having  occurred,  and  as  a presumptive  evidence  of  drj'  land  having 
existed  in  the  neighbourhood  at  some  time  during  the  interval  which 
elapsed  between  the  fonnation  of  the  two  sets  of  l)eds. 

The  probable  e.xistence  of  diy  land  is  often  confirmed  independently, 
as  in  the  case  of  the  granite  sand  and  fragments  scattered  in  the  Car- 
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boniferons  limestone  of  Dublin  ; the  most  probable  cause  for  their 
occurrence  being  their  transj)ort  in  the  roots  of  plants,  which  grew 
somewhere  on  the  granite  land,  and  were  washed  do^vn  into  the  Car- 
boniferous sea. 

Such  an  apparently  uninteresting  circumstance  as  the  relative  lie 
and  position  of  two  sets  of  rock  thus  gives  us,  when  it  is  properly' 
studied,  a curious  and  unexpected  history. 

Practical  imj^ortance  of  the  subject. — Unconformability,  however, 
has  its  practical  as  well  as  its  speculative  interest,  since  it  is  necessary 
that  it  should  be  thoroughly  understoo<l  in  all  searches  for  materials 
belonging  to  one  group  of  beds  carried  on  through  beds  l>elonging  to 
another  set. 

In  the  north  of  Ireland  a strong  feeling  exists  in  favour  of  sinking 
through  the  New  Red  Sandstone  of  county  Antrim  and  its  bonlers,  in 
search  of  coal ; that  feeling  being  Imsed  on  the  knowletlge  that  the 
New  Red  lies  above  the  Coal-measur€*s.  Since,  however,  it  lies  uncon- 
formahly  upon  them,  it  follows  that  though  in  one  district  it  may  rest 
upon  Coal-measures,  in  others  it  may  lie  uiwii  any  other  fonnation  which 
comes  out  from  underneath  the  Coal-measures,  and  from  the  structure  of 
the  neighbourhood  it  appears  that  the  chances  are  something  like 
twenty  to  one  against  the  Coal-measiures  being  found  under  any  particular 
spot  of  the  New  Re<l  Santlstone. 

I Imve  myself  kno>^Ti  money  uselessly  thrown  away  in  sinking 
shafts  in  the  ^uth  Stalforxlshire  coal-field  for  want  of  attention  to  the 
slight  unconfonnability  of  the  Coal-me^ures  on  the  SUurian  rocks.  In 
future  explorations,  such  as  at  no  great  distance  of  time  will  be  under- 
taken, in  search  of  coal  in  the  central  districts  of  England,  the  clear 
and  complete  comprehension  of  this  subject  will  be  of  the  highest 
practical  importance,  and  indee<l  absolutely  necessary  to  avoid  the 
fruitless  expenditure  of  great  sums  of  money.  Many  hundreds  and 
many  thousands  of  pounds  have  been  thrown  away,  even  during  the 
last  few  years  in  the  central  parts  of  England  alone,  in  abortive  mining 
attempts  after  coal,  the  ex]>enditure  of  which  nothing  but  the  most 
complete  ignorance  of  geology  could  have  rendered  possible.  Tlie 
detailed  maps  lately  jniblished  by  the  Geologiad  Survey  of  the  United 
Kingilom  would  make  such  ridiculous  attempts  still  moi-e  inexcusable 
for  the  future,  but  it  is  jwssible  that  even  those  very  maps  might  lead 
to  error,  unle.ss  they  be  thoroughly  understo(xl  and  soundly  inter- 
preted, with  every  allowance  for  unconformability  and  similar  petro- 
logical structim\s. 

Overlap. — Overlap  has  been  already  said  to  occur  only  in  the 
same  set  of  beds,  or  in  the  same  conformable  series.  It  may  be  de- 
scribed as  the  extension  of  one  bed,  or  set  of  beds,  beyond  the  original 
termination  of  the  -bed  or  set  of  beds  below  it. 


Digitized  by  Googie 


800 


OVERLAP. 


The  lower  hed,  or  set  of  beds,  may  not  have  been  at  all  denuded, 
or  in  any  way  changed  from  their  original  lie  and  position,  neither  is 
it  necessary  that  any  unusual  interval  should  have  elapsed  between  the 
production  of  the  lower  beds  and  those  that  overlap  them.  The  sim- 
plest case  of  overlap  indeed  must  always  occur  wherever  any  bed 
originally  terminated,  since  the  next  bed  would  rest  partly  upon  that 
bed,  and  partly  upon  the  one  below  it. 

This  form  of  overlap  must  then  be  of  general  or  even  universal 
occurrence  among  stratified  rocks,  and  need  not  be  more  particularly 
described  than  it  has  been  already,  when  speaking  of  the  **  extent  and 
termination  of  beds”  at  p.  183.  It  is  the  same  minor  and  local  form 
of  overlap  that  contemporaneous  erosion  and  filling  up  is  of  imcon- 
formability.  True  “ overlap,”  however,  is  of  more  importance,  since 
it  occurs,  not  merely  with  respect  to  new  beds  or  small  sets  of  beds,  but 
among  large  groups  in  a conformable  series,  which  overlap  each  other 
successively,  in  consequence  of  the  newer  groups  spreading  over  wider 
and  wider  areas  than  those  below  them. 

Instances  of  this  form  of  overlap  occur  with  respect  to  the  groupe 
called  Old  Red  Sandstone,  and  Carboniferous  Limestone  in  many  parts, 
both  of  England  and  Ireland.  The  two  formations  are  always  confor- 
mable to  each  other  wherever  they  occur  together,  but  while  the  lower 
one,  the  Old  Red  Sandstone,  is  in  some  places  many  hundreds  (or  even 
thousands)  of  feet  thick,  in  others  it  shews  merely  a few  beds,  and  in 
others  does  not  occur  at  all,  so  that  the  Carboniferous  Limestone  must 
necessarily,  where  the  Old  Red  Sandstone  is  absent,  rest  upon  Silurian  or 
other  lower  rocks.  In  like  manner  the  Coal-measures  in  some  parts 
overlap  the  Carboniferous  Limestone,  and  rest  upon  lower  rocks. 

• Similar  “overlap”  seems  to  take  place  in  England  between  the 
dififerent  members  of  the  Oolitic  series,  and  with  respect  to  the  upper 
Cretaceous  and  Wealden  groups,  though  it  is  not  improbable  that  in 
some  of  these  instances  it  becomes  actual  unconfomiability,  in  other 
words,  that  the  lower  group  had  been  more  or  less  worn,  and  a new 
surface  formed  on  it  by  denudation  before  the  upper  was  deposited. 

Tfit  Geological  Striicture  of  the  county  Duhlin. — It  is  sometimes  very 
necessary  to  take  notice  of  the  overlap  of  groups  of  beds  in  order  to 
form  a right  notion  of  the  structure  of  certain  districts. 

An  instance  of  this  occurs  in  the  county  Dublin,  which  it  is  worth 
our  while  to  describe,  as  it  gives  us  an  excellent  example  of  the  com- 
bined results  of  denudation,  unconformability  and  overlap. 

We  have  in  this  district  the  following  groups  of  rocks  : — 
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Aqueous  Rocks. 

{Coal-inea.siires. 

Carboniferous  Limestone. 

The  Lower  Limestone  shale. 

OKI  Red  Sandstone. 

( Lower  Silurian  Rocks. 

^ Tlie  same  altered  into  Mica  Schist. 

( Cambrian  Rocks. 

Igneous  Rocks. 

Granite. 

There  are  also  certain  greenstones  and  other  igneous  rocks  associated 
with  the  Cambrian  and  Lower  Silurian  rocks,  as  dykes,  veins,  or  small 
bedded  masses,  but  these  need  not  be  noticed  here. 

The  southern  part  of  the  district  is  formed  of  hilly,  quasi-moun- 
tainous  ground,  composed  of  granite  with  the  Lower  Silurian  rocks  on 
each  side  of  it  These  Lower  Silurian  rocks  pass  into  mica  schist  with 
layers  of  semicrj'stalline  staurolite  or  andalusite  as  they  approach  the 
granite.  The  high  land  of  the  promontory  of  Howth  is  composed  of 
highly  contorted  Cambrian  rocks,  with  Carboniferous  Limestone  abutting 
directly  against  them  on  the  land  side.  Lambay  Island,  and  the  coast 
near  Portraine,  and  also  the  groimd  about  Skerries,  and  some  distance 
to  the  north  of  it,  is  formed  of  the  Lower  Silurian  rocks. 

On  the  land  side  of  Portraine,  Old  Red  Sandstone  is  found  w’ith  a 
thickness  of  some  300  or  400  feet,  as  may  be  seen  in  the  railway  cutting 
near  Donabate.  This  Old  Red  Sandstone  is  overlaid  conformably  by 
beds  of  black  shale  forming  the  base  of  the  Carboniferous  series,  and 
gpoken  of  as  the  lower  Limestone  shale,  and  the  remainder  of  the  dis- 
trict consists  of  low”  land,  beneath  w’hich  are  foimd  the  tilted  and  often 
violently  contorted  beds  of  Cai-boniferous  Limestone  (see  fig.  31),  except 
in  one  or  two  places  wLere  that  limestone  dips  imdemeath  beds  of  black 
shale  which  are  the  base  of  the  Coal-measure  series.  Those  shales 
generally  form  low  rounded  hills,  rising  100  or  200  feet  above  the 
level  of  the  denuded  surface  of  the  limestone  (see  fig.  87,  map). 

At  Crumlin,  three  miles  west-south-w'est  of  Dublin,  and  at  two  or 
three  other  places  in  that  neighbourhowl,  angular  fragments  of  granite 
and  mica  schist,  and  layers  of  granite  sand,  have  been  found  in  the 
limestone.  Similarly,  on  the  shore  near  Rush,  and  farther  north 
towards  Skerries,  the  Carboniferous  Limestone  contains  large  blocks 
of  Lower  SUurian  trap  rocks  and  gritstones,  as  w”eU  as  smaller  angular 
and  rounded  fragments  of  those  rocks,  and  of  green  and  gray  slate. 
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down  to  fine  debris  of  the  adjacent  Lower  Silurian  rocks,  sometimes 
to  such  an  extent,  that  one  or  two  beds  in  the  limestone  resemble 
the  Lower  Silurian  rocks  of  Lambuy,  Portraine  or  Skerries,  rather 
thou  a bed  of  Carboniferous  Limestone.  Similar  beds  recur  in  the 
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Fig.  87. 

Pig.  87  is  a Tuugh  reduction  of  shoeta  102  and  112  of  the  Geological  Survey  of  Ircland. 


country  a few  miles  west  of  Sword.s,  where  however,  they  are  im- 
perfectly seen,  and  are  not  noticed  in  the  map  (fig.  87), 

The  first  thing  that  strikes  us  in  looking  at  the  map  of  the  district 
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ifi  that  the  Upper  Palax)zoic  rocks,  taken  as  a whole,  rest  in  different 
places  on  different  jjarts  of  the  Lower  Palaeozoic  rocks,  and  upon  the 
granite.  The  upper  therefore  are  completely  unconformahle  to  the  lower. 
The  Lower  Palaeozoic  rocks  and  granite  now  lybig  beneath  the  Carboni- 
ferous Limestone  must  have  a precisely  similar  surface  beneath  it,  to  that 
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Tlic  Coal-measures  are  marked  by  horizontal  lines,  and  are  found  only  in  the  northern 
I»art  of  the  district,  the  small  patch  at  Lough  Shinny  ought  to  have  l>een  extended  out  to  th« 
shore  there  ; as  engraved  it  looks  a.s  if  it  were  intended  for  a lake.  The  Old  Red  Sandstone  is 
represented  by  dots,  which  are  however  much  smaller,  in  the  map  than  in  the  descriptive 
labels. 

The  granite  has  been  included  among  the  Lower  Palteozoic  series  here,  because  the  Lein- 
ster granite  wjis  certainly  injected  into  the  Lower  Silurian  rocks  before  the  termination  of 
the  Lower  Palaeozoic  period. 


which  they  have  where  they  rise  out  from  under  it.  Tlie  denudation  of 
the  Lower  Palteozoic,  therefore,  which  had  taken  place  previously  to  the 
Upper  Palaeozoic  period,  must  have  been  enormous,  and  the  present  sur- 
face of  the  groimd  in  the  Lower  Palaeozoic  part  of  the  country  was 
nearly,  and  in  some  places  quite  an-ived  at  during  that  eaily  geological 
time.  Any  denudation  at  all  events  that  has  happened  to  the  Ixjwer 
Palajozoic  I'ocks  since  the  time  of  the  depo.sition  of  the  Carboniferous 
Lime.stone  must  be  insignificant  compared  with  that  which  had  been 
comxdeted  leefore  that  time. 

Although  there  is  not  in  the  district,  then,  any  good  section  shelving 
the  jimction  of  the  Upper  Palaiozoic  rocks  wilth  those  below  them,  the 
mere  inspection  of  the  coimtry,  or  of  the  map,  completely  establishes 
the  fact  of  this  previous  denudation,  tmd  wide  unconformability. 

Tlie  fragments  of  granite  embedded  in  the  limestone  at  Crumlin' 
and  other  places,  al.so  X)rove  that  the  granite  was  at  the  surface  before 
the  Carboniferous  perio<l. 

The  next  thing  that  W’ould  strike  us  is,  that  although  there 
are  so  many  miles  of  boimdary  to  the  Upper  Palajozoic  rocks,  yet  the 
Old  Red  Sandstone  and  lower  Limestone  shale  only  appear  at  one 
part,  and  that  near  the  centre  of  the  district.  Along  both  the 
Bouthem  and  northern  boundaries  of  the  Upper  Palceozoic  country, 
there  is  no  appearance  of  the  base  of  the  Upper  Palaeozoic  rocks ; not 
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only  so,  but  judging  from  the  dip  of  the  rocks,  marked  by  arrows  in 
the  map,  it  appears  a.s  if  the  upper  beds  dipped  towards  the  southern 
boundary,  and  therefore,  that  we  had  there  an  upper  instead  of  the 

lowest  part  of  the  series.  This  was  for  a 
long  time  an  inexplicable  phenomenon  to 
me  when  examining  the  country,  until  I 
visited  the  neighbourhood  of  a place  called 
“ Naul,”  near  the  northern  margin  of  the 
district,  in  company  with  Mr.  Du  Koyer. 
It  then  immediately  struck  me  that  certain 
beds  of  black  shale  just  south  of  that  place, 
belonged  in  reality  to  the  Coal-measures,  a 
conclusion  since  amply  confiimed  by  Mr. 
M So  Baily,  when  he  examined  the  fossils.*  It 
^ ^ was  then  clear  that  in  this  neighbourhood 
we  had  the  uppermost  beds  of  all  close 
to  the  boundar}',  and  even  in  some  parts 
resting  directly  on  the  adjacent  Lower  Silurian 
rocks,  while  the  lowest  beds  of  the  Upper 
Palaeozoic  series  eidsted  only  in  the  centre 
of  the  district. 

These  facts  I at  once  perceived  were 
explicable  only  on  the  principle  of  over- 
•c  I lap,”  in  the  follo'v^’ing  way  : — 

£ The  whole  district  must  have  been  drv 
§ e land,  formed  of  Lower  Palaeozoic  rocks,  with 
.Si  o a widely  denuded  surface,  as  before  ex- 

1 J plained.  Tliis  dry  land  became  subject  to 
g % depression  in  the  early  part  of  the  Upper 
S5  I Palaeozoic  period.  The  part  about  Portaine 
J 2 was  either  lower  than  the  parts  south  of  Dub- 

2 lin  and  west  of  Skerries,  or  was  depressed 
more  rapidly  than  them,  so  as  to  be  the  first 
part  w'hich  was  brought  below  the  level  of 
the  water.  Certain  beds  of  sand,  now  form- 
ing the  Old  Red  Sandstone  of  that  locality, 
were  accumulated  there,  and  certain  beds  of 

0x1  black  shale,  forming  the  lower  Limestone 

shale,  wrere  deposited  over  them  as  the  de- 
pression continued.  These  beds  did  not 
extend  far  to  the  north  or  south  of  tliat 
locality,  simply  because  the  water  ended  against  the  shore,  within  a 

* Mr.  J.  Kelly  had  previously  published  his  opinion  that  those  l>eds  south  of  Naul  wero 
Coal-measures,  but  they  had  not  been  marked  os  such  on  any  published  map  till  that  time. 
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PortratTie 
Fig.  89,  a. 

Section  at  lino  A in  flg.  87. 


short  distance  of  it.  As  the  land,  however,  continued  to  sink,  tlie 
water  extended  further  and  further  over  it,  and  the  beds  deposited  in 
that  water  acquired  in  like  manner  a wider  and  wider  extension,  and 
altogether  overlapped  those  beneath  them,  as  suggested  in  fig.  88. 

It  is  probable  that,  as  a final  result,  horizontal  beds  of  Coal-measures 
spread  over  the  whole  area,  resting  upon  the  granite  of  the  Dublin  and 
Wicklow  Mountains  on  the  south,  and  on  the  Lower  Silurian  hills  of 
Meath  on  the  north,  and  completely  concealing  all  the  limestone 
below. 

The  subsequent  actions  of  disturbance,  of  elevation  with  its  concomi- 
tant tilting,  contortion,  and  fracture,  and  the  subsequent  denudation 
resulting  from  the  rocks  being  lifted  up  through  the  sea  level,  brought 
to  light  the  lower  limestones  and  sandstones  in  diflFerent  places,  accord- 
ing to  circumstances,  and  re-exposed  parts  of  the  Lower  Palaeozoic  rocks 
that  had  been  covered. 

At  different  places  where  these  Lower  Palaeozoic  rocks  are  now 
re-exposed  at  the  surface,  we  find  them 
passing  under  different  members  of  the 
Upper  Palaeozoic  series.  At  Portaine  {see 
section,  fig.  89,  a),  we  find  the  Lower  Silurian 
rocks  covered  by  the  Old  Red  Sandstone 
and  the  Limestone  shale,  as  well  as  by  the  Carboniferous  Limestone 
above  them.  We  may  suppose  that  we  have  here  the  part  beneath  the 
letter  a,  in  fig.  88,  brought  up  to  the  surface. 

At  another  place  we  sliould  have  the  “lie  and  position”  of  the 

rocks,  as  shewn  in  fig.  89  which  is 
taken  between  two  little  places  called 
the  Man  of  War,  and  the  Cross  of  the 
Cage,  three  or  four  miles  west  of  Sker- 
ries. Here,  there  appears  neither  the 
Old  Red  Sandstone,  nor  the  Limestone 
shale,  but  merely  a portion  of  the 
Carboniferous  Lime.stono  resting  unconformably  on  the  Lower  Silurian 
rocks,  and  covered  conformably  by  the  base  of  the  Coal-measures. 
This  would  answer  to  the  part  beneath  6,  in  fig.  88. 

Two  miles  further  west  again  we  have  the  section,  as  in  fig.  89  c, 
taken  at  a place  called  Bog  of  the  Ring 
along  the  line  marked  C in  the  map,  where 
the  Coal-measures  seem  to  be  in  direct  con- 
tact with  the  Lower  Silurian  rocks,  restjng 
of  course  unconformably  upon  them,  but 
without  the  intervention  of  any  of  the 
lower  members  of  the  Upper  Palaeozoic  series.  This  would  be  the 
exposure  of  the  part  beneath  the  letter  c in  fig.  88. 
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Tlie  conglomerates  consisting  of  fragments  of  Lower  Silurian  rocks, 
wliicli  are  found  in  several  parts  of  the  Carboniferous  Limestone,  are 
probably  derived  from  tlie  wjiste  of  some  isolated  crags  or  peaks  which 
remained  for  a time  exposed  to  the  action  of  the  waves  of  the  Carboni- 
ferous sea,  and  were  finally  destroy e<l  by  them,  and  the  materials 
strewed  aroimd  over  the  bed  of  the  sea. 

The  granitic  and  metamorjddc  fragments  in  the  limestone  south 
of  Dublin,  may  possibly  have  had  a similar  origin,  or  they  may,  as 
previously  suggested,  have  adliered  to  the  roots  of  trees  that  grew  upon 
what  are  now  the  Dublin  and  Wicklow  Mountains,  and  were  swept 
downi  by  floods  into  the  adjacent  sea. 

The  Hill  of  Howth  clearly  existed  as  an  island  with  very  much  its 
present  outline,  so  far  as  its  base  is  concerned  at  all  events,  in  the 
Cai'boniferous  sea,  and  was  certainly  in  part,  probably  altogether, 
enveloped  and  inclosed  in  beds  of  Carboniferous  Limestone  which  were 
fonued  in  that  sea.  Some  of  the  old  conglomerates  fonued  on  its 
surface  may  still  be  seen  in  Balscadden  Bay,  near  Howth  harbour. 

Tlie  black  shales  which  are  frequent  in  the  upper  part  of  the 
Carboniferous  Limestone,  and  which  are  still  more  abundant  in  the 
lower  Coal-mca.sares.  which  are  indeed  almost  entirely  composed  of 
them,  may  probably  be  derived  from  the  waste  of  a land  of  similar 
composition  (Lower  Silurian  or  other  rock),  to  which  the  sea  had  now 
gained  access  in  consequence  of  the  continuance  of  the  depression. 

The  whole  circumstimees  of  the  gradual  depression  of  the  country 
during  the  formation  of  the  Carboniferous  rocks  of  Dublin  and  the 
neighl)ourhood  might  very  well  be  rapeated,  mutatis  mutandaj  if  the 
coiintiy’  were  again  slowly  depressed,  and  a series  of  tranquilly  deposited 
rocks  were  slowly  and  gradually  fonued  upon  it. 

It  is  hoped  that  a careful  penml  of  the  preceding  descriptions  will 
shew  the  importance,  both  practical  and  theoretical,  of  paying  attention 
to  the  stnictures  known  as  overlap  an<l  unconfonnability,  and  will  also 
be  sufficient  to  enable  us  to  take  for  granted  that  overlap  is  in  itself  a 
proof  of  depression  having  taken  place,  while  miconformability  may  be 
held,  as  already  shewn,  to  involve  the  occurrence  of  elevation  and 
denudation,  the  probable  existence  of  dry  land,  and  of  subsequent  de- 
pression. 


CHAPTER  XVIL 


THE  GRANITIC  OR  HTPOGENOUS  ROCKS. 

In  the  previous  cliapters  devoted  to  that  part  of  Geognosy  which  is 
here  called  Petrology,  we  have  examined  chiefly  the  petrological  rela- 
tions of  the  A(j[ueous  Rocks.  It  now  behoves  us  to  examine  those  cf 
the  Igneous  class. 

The  different  kinds  of  igneous  rocks  have  been  described  under  tlie 
head  of  Lithology,  and  it  was  shewn  that  these  differences  partly  de- 
pended on  the  difference  of  theii*  chemical  composition,  and  partly  on 
the  textuie  resulting  from  the  physical  circumstance.s — as  pressure  and 
rate  of  cooling — imder  which  their  consolidation  took  place.  The 
Granitic  rocks,  or  those  which  are  most  completely  crystalline  and  most 
thoroughly  saturated  with  silica,  cooled  slowly  and  under  great  pres- 
sure, that  is  to  say,  at  some  considerable  depth  in  the  interior  of  the 
crust  of  the  globe. 

The  Volcanic  rocks,  on  the  other  hand,  were  consoliilated  at  the 
surface,  while  the  intermediate  and  variable  class  which  we  have  called 
Trappean,  may  have  been  solidified  imder  various  and  intermediate 
conditions.  ’ 

Fundamental  Granite. — As  a matter  of  fact,  it  has  been  foimd 
that  in  all  parts  of  the  globe,  wherever  the  base  of  the  aqueous  rocks 
has  been  brought  up  to  the  surface  and  exposed  to  view,  that  base  rests 
upon  granitic  rocks.  By  the  “ base  of  the  aqueous  rocks”  is  meant  the 
lowest  aqueous  or  sedimentary  rocks  known  in  the  particular  locality, 
whatever  may  he  their  age^  whether  they  be  some  of  the  oldest  kno^vui 
rocks,  or  whether  they  be  of  a much  hiter  date  than  those,  and  whether 
they  retain  their  original  characters  unaltered,  or  have  been  metamor- 
phosed into  Mica  Schist,  Gneiss,  or  any  similar  rock. 

It  is  by  no  means  intended  to  assert  that  the  converse  of  this  is 
true,  and  that  wherever  Granite  is  found  at  the  surface,  there  the 
lowest  of  all  known  rocks,  or  even  the  loive.st  rocks  of  that  particular 
locality,  ivill  be  found  reposing  on  it  On  the  contrary,  wn  shall  see 
presently  that  Granite  always  comes  through  great  masses  of  rock,  with- 
out bringing  them  up  along  with  it  But  at  every  place  where  any  rock 
does  make  its  appearance  at  the  surface  from  underneath  the  lowest  of 
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the  stratijl^d  rocks  known  in  that  locality,  that  rock  is  a granitic  one, 
and  wherever  any  large  mass  of  Granite  conies  to  the  surface,  we  have 
no  reason  to  believe  that  any  other  rock  but  Granite  would  be  found 
underneath  it  I do  not  here  speak  of  any  veins,  or  intrusive  dykes  or 
sheets  of  Granite,  but  of  large,  widely  extended  masses.  In  short,  we 
have  every  reason  to  believe  that  if  we  pierced  vertically  downwards 
into  the  earth  at  any  part  of  its  surface  whatever,  we  should  eventually 
come  either  to  Granite  or  to  yet  molten  and  unconsolidated  rock,  which 
on  cooling  would  form  Granite.  Again,  in  many  parts  of  the  world, 
Granite  is  found  occupying  large  areas  of  the  surface  ; and  we  have  no 
reason  to  suppose  that  any  other  rock  but  Granite  would  be  found  imder 
those  surfaces,  although,  if  we  sank  deep  enough,  we  might  perhaps 
come  eventually  to  red-hot  Granite,  and  ultimately  to  yet  molten  Granite. 
These  facts  and  these  opinions  have  naturally  led  many  early  geologists 
to  the  conclusion  that  the  earth  was  a once  molten  globe  of  fiery  matter, 
and  that  on  cooling  there  wtis  formed  about  it  a primaeval  crust  of 
Granite  ; and  thev  hence  inferred  that  much  of  the  Granite  now  to  be 
found  at  or  n(?ar  the  surface  was  actually  part  of  this  primaeval  crust. 
At  one  time,  indeed,  it  was  held  that  all  Granite  had  this  primxBval 
character  ; but  this  notion  has  long  been  exploded,  since  intrusive^  and 
therefore  subsequently  consolidated  masses  of  Granite,  have  been  found 
penetrating  rocks  of  almost  all  ages  in  different  parts  of  the  earth. 

Prim(eval  OramtCy  or  Primitive  Rocks  not  now  known  anywhere 
to  exist. — If  we  admit  the  hypothesis  of  the  earth  having  once  been  a 
molten  globe,  as  a probable  one,  it  by  no  means  follows  that  the  first 
fonned  rocks  on  the  cooled  surface  wouhl  be  Granite,  even  if  they  con- 
tained the  constituents  of  Granite.  Judging  by  the  analogy  of  what 
takes  place  now  in  volcanoes  we  should  expect  the  first  cooled  surface 
to  have  been  a premiceous  or  scoriaceous  lava,  rather  than  a Granite. 
If  the  refrigeration  went  on  for  a time,  one  might  suppose  that  beneath 
such  a porous  envclojxj  the  rocks  would  become  more  and  more  com- 
])act  and  cfyshilline,  and  eventually  granitic  below,  and  it  is  of  course 
impossible  for  us  to  prove  tliat  some  of  this  8ui)posed  originally  formed 
Granite,  if  it  ever  existed,  may  not  be  somewhere  or  other  in  existence 
still.  We  may,  however,  very  fairly  maintain  from  what  we  already 
know  of  the  earth’s  surface,  that  none  of  the  rocks  now  open  to  our 
observation  can  date  back  their  formation  to  tliis  quasi-fabulous  and 
mythical  iigc  of  the  earth,  this  pre-geological  period  of  its  dura- 
tion. 

"Whatever  may  have  been  the  nature  of  the  primcoval  crust  of  the 
glolxi,  that  crust  had  been  more  or  less  comj)letely  destroyed  and 
remodelled  by  the  erosive  action  of  water,  and  the  remelting  action  of 
heat,  before  the  commencement  of  even  the  earliest  of  our  geological 
periods.  The  very  lowest  of  the  unaltered  stratified  rocks  of  which 
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the  age  is  known,  namely,  the  Cambrian  of  North  Wales  and  Ireland, 
are  made  up  of  indurated  clays,  sands,  and  gravels,  which  were  derived 
from  the  waste  of  previously  existing  stratified  rocks,  exactly  like 
themselves. — (^ProfeMor  Ramsay j Journal  of  Oeol.  Soc.,  voL  ix.,  p.  168.) 
The  crust  of  the  e^h  then,  was,  before  that  earliest  of  our  periods,  made 
up  of  stratified  and  unstratified  aqueous  and  igneous  rocks,  as  it  is  now 
made  up  of  them.  Just  so  much  of  these  early  rocks  are  preserved  to  us 
as  have  not  been  since  destroyed  by  the  action  either  of  fire  or  of  water. 
Over  very  large  areas  very  early  rocks,  having  been  attacked  from 
above,  have  been  eroded  and  destroyed  by  the  action  of  water  ; and 
the  old  base  on  which  they  rested  has  been  denuded,  and  is  either 
now  exposed  at  the  surface,  or  has  been  re-covered  by  other  rocks 
subsequently  deposited  upon  it.  Over  very  large  areas,  very  early 
rocks,  having  been  attacked  from  below,  have  been  so  baked,  so  altered 
and  metamorphosed  by  the  action  of  heat,  and  by  the  many  physical 
and  chemical  forces  which  heat  has  set  in  motion,  as  to  have  been 
altogether  transformed  from  their  original  state,  and  many,  of  both 
aqueous  and  igneous  origin,  actually  remelted  down  perhaps,  and 
reabsorbed  into  the  molten  masses  of  the  interior,  in  which  they  either 
still  remain  as  molten  rock,  or  from  which  they  may  have  been  subse- 
quently reconsolidated  as  newer  igneous  rock.  Some  ancient  rocks 
have  been  in  other  areas  spared  by  both  these  processes  ; but  as  these 
processes  are  continually  going  on,  and  continually  shifting  their  areas 
of  action,  it  is  clear  that,  in  proportion  to  their  antiquity,  all  rocks 
must  have  been  more  or  less  affected  by  them,  and  that  we  can  reason 
back  to  a period  in  the  earth’s  history,  the  coeval  rocks  of  which  have 
only  one  or  two  undestroyed  or  unaltered  areas  still  left  upon  the  globe ; 
and  going  one  or  two  steps  still  farther  back,  we  arrive  at  a period  of 
which  7wne  of  the  coeval  rocks  can  remain  in  their  original  state. 

Position  and  Form  of  Granite.  — Granite  generally  makes  its 
appearance  at  the  surface  in  large  masses,  occupying  considerable  areas, 
and  extending  for  a great  but  unknown  depth  into  the  interior.  Veins 
of  Granite,  often  branching  and  crossing  each  other,  usually  proceed 
from  these  masses,  penetrating  the  adjoining  rocks,  and  apparently 
detached  dykes,  or  wall-like  sheets,  of  granitic  rock  are  frequently  found 
in  their  neighbourhood,  running  sometimes  for  several  miles  in  straight 
line.s  through  other  rocks. 

Smaller  bosses  of  Granite  are  likewise  not  unfrequent  in  such  dis- 
tricts, apparently  the  tops  and  eminences  of  larger  masses  that  are  still 
concealed  below. 

Granite  sometimes  forms  high  mountainous  groimd,  the  hills  com- 
posed of  it  having  commonly  a heavy  roimded  outline  and  sombre 
aspect.  Sometimes,  however.  Granite  is  found  as  the  surface  rock  over 
considerable  spaces  of  low  gently  undulating  ground,  in  which  case  the 
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plain  is  commonly  diversified  by  small  roimded  knobs  and  bosses  of 
rock- 

Granite  is  frequently  described  as  the  rock  forming  the  axis  of 
mounhiin  chiiins,  or  the  nucleus  of  mountain  masses. 

K it  ever  form  the  true  axis  of  a moimtain  mass,  the  rocks  which 
rest  upon  it  will  dip  from  it  in  every  dii*ection,  and  the  lowest  of  the 
stratified  rocks  will  be  found  nearest  to  the  Granite,  as  in  fig.  90-,  where 


G is  a mass  of  Granite  forming  the  axis  of  a range,  and  1,  2,  3 are  the 
stratified  rocks  dipping  from  it  in  each  direction,  the  lowest  or  oldest, 
No,  1,  being  next  to  the  granite,  and  the  highest  or  newest,  No.  3,  the 
furthest  fi-om  it  Without  attempting  to  deny  that  Granite,  in  some 
instances,  does  hold  this  position,  I am  yet  inclined  to  doubt  whether  it 
lias  not  in  many  cases  been  assigned  to  it  as  a matter  of  course,  without 
adequate  investigation.  I am  disjiosed  to  suspect  that  the  rocks  nearest 
the  Granite  having  been  most  altered,  and  the  most  altered  rocks  having 
been  assumed  to  be  the  oldest  or  lowest,  this  position  may  often  have 
been  taken  for  granted  instead  of  proved.  Having  personally  examined 
large  granitic  tracts  in  the  west  of  England  and  south-east  of  Ireland, 
in  central  France,  in  New'foundland,  at  the  Cape  of  Good  Hope,  and  in 
both  eastern  and  western  Australia,  in  no  instance  did  1 ever  find  a 
granitic  mass  forming  a tnie  geological  axis. 

The  granitic  district  in  the  south-east  of  Ireland,  extending  from 
Dublin  Bay  to  near  New  Ross  in  county  Wexford,  is  the  hugest  surface 
exposure  of  Granite  in  the  British  Islands,  being  70  miles  long  and  from 
7 to  1 7 miles  wide.  There  were  in  this  district  at  least  two  great  geolo- 
gical formations,  each  consisting  of  slates  or  shales  and  sandstones,  and 
each  several  thousand  feet  thick,  at  the  time  of  the  upward  intrusion  of 
this  Granite,  These  two  formations  are  known  as  the  Cambrian,  which 
is  the  lowest  or  oldest,  and  the  Lower  or  Cambro-Silurian,  which  rests 
in  some  places  unconfonnably  upon  the  Cambrian.  Now  in  no  instance 
is  any  part  of  the  lower  or  Cambrian  formation  found  re]x>8ing  on  or 
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coming  agaiast  the  Granite  at  the  stirface,  though  it  does  come  to  the  sur- 
face in  some  places  within  two  or  tliree  miles  of  the  Granite,  as  shewn 
in  fig.  91.  The  Lower  Silurian  rocks,  however,  have  been  broken  into 


a.  Canihrian.  B.  Bilmian  altered  into  mica  schist. 

b.  Silurian.  G.  Granite. 

and  altered  by  the  Granite,  for  a thickness  of  some  hundreds  of  feet 
around  it,  and  have  been  penetrated  by  Granite  veins  and  protuberant 
masses  ; and  we  are  coini)elled  to  suppose,  therefore,  that  the  Granite 
must  have  come  through  the  Cambiian  rock  below,  before  it  can  have 
penetrated  into  the  Cambro-Silurian  rocks.  Neither,  although  the 
main  direction  of  the  Granite  is  approximately  parallel  to  the  general 
strike  of  the  rocks  and  i)riiicii)al  lines  of  disturbance  in  the  di.strict, 
does  the  intrusion  of  the  Granite  seem  to  have  been  the  cause  of  the 
general  elevation  of  the  country,  but  simply  to  have  partaken  of  it, 
along  with  the  other  rocks,  and  to  have  had  its  direction  governed  by 
the  direction  of  the  forces  of  disturbance  that  were  acting  at  the  time 
of  its  intrusion,  or  have  acted  since  that  time.  The  Cambro-Silurian 
elates,  which  are  frequently  vertical  and  greatly  contorted  over  all  the 
district,  often  appear  to  dip  towards  the  Granite,  at  a distance  of  about 
two  or  three  miles  from  its  present  siuface  boimdary,  and  to  have  been 
only  so  far  affected  by  the  proper  elevatory  action  of  the  Granite  as  to  be 
crumpled  up  or  dog-eared  against  it  for  a short  distance  close  upon  its 
flanks  (see  fig.  91). 

If  we  pas.sed  from  Ireland  into  Cornwall  and  Devon,  similar  con- 
clusions could  be  dra>\ii  from  the  relations  of  the  granitic  masses  there 
with  rocks  of  a stiU  new’er  date,  namely,  with  those  called  Carboni- 
ferous and  Devonian.  Tlie  Granite  penetrates  and  alters  rocks  of  both 
tho.se  peritxbs,  and  is  therefore  newer  than  both.  It  has  not,  however, 
by  its  irruption  brought  up  the  lowest  rock,  namely,  the  Devonian, 
everj'wiiere  on  its  flanks.  On  the  contrarj’,  -where  it  cuts  into  and 
alters  the  Carboniferous  rocks,  vre  are  comiHjUed  to  suppose  that  it  has 
passed  through  and  left  behind  the  Devonian.  Neither  does  the  granite 
of  Corn-wall  and  Devon  appear  to  have  acted  in  any  sense  a.s  a geological 
axis  or  centre  of  elevation,  but  simply  to  liave  partaken  w ith  the  rocks 
of  the  district  of  whatever  disturbances  occurred  during  or  since  its 
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intrusion  ; and  the  granitic  veins  appear  to  have  been  shot  into  the 
cracks  and  crevices  of  the  rocks,  which  were  opened  for  them  by  pre- 
vious disturbances,  and  not  to  have  made  any  of  those  cracks  and 
fissures  for  themselves.  Similar  conclusions  are  derivable  from  an 
examination  of  the  Mounie  mountain  Granite,  as  shewn  by  Professor 
Haughton’s  observations,  and  I believe  they  may  be  drawn  from  all 
other  granitic  districts  in  Great  Britain  and  IrelaniL 

In  other  parts  of  the  world,  as  has  been  said  before,  Granite  is  found 
in  the  same  way  to  have  risen  up  into,  and  altered,  and  sent  veins  into 
rocks  of  still  newer  date,  belonging  to  the  Secondary  and  Tertiary 
periods  ; and  Granite  must  be  forming  now  wherever  molten  rock  of 
the  proper  chemical  composition  is  cooling  under  the. requisite  physical 
conditions,  tliat  is,  deeply  seated  under  the  pressure  of  great  masses  of 
other  rock. 

Qranite  more  likely  to  he  associated  icith  Older  than  Netcer  Rocks 
from  its  source  being  in  interior  of  Earth, — It  is  doubtless  true  that  Granite 
is  found  more  frequently  associated  with  the  older  rocks  than  with  the 
newer  ; in  other  words,  with  the  lower  rather  than  the  higher  rocksi 
Tlie  reason  of  this,  however,  is  clear,  from  tlie  very  source  of  Granite 
being  in  the  interior  of  the  eartli.  Granite,  in  order  to  reach  the 
higher,  must  pass  through  whatever  lower  rocks  there  may  be  in  the 
way.  Many  injections  of  Granite  may  have  proceeded  a certain  distance 
from  the  interior,  penetrating  only  the  lower  rocks  ; but  none  can  have 
reached  the  upper  without  penetrating  the  lower. 

That  Granite  should  be  most  frequently  associated  with  the  lowest 
rocks  follows,  too,  from  the  very  nature  of  Granite.  Molten  rock  that 
reached,  or  came  near  to  the  surface,  would  not,  on  consolidating,  form 
Granite,  but  some  other  kind  of  igneous  rocks — a felstone  trap,  or  a 
trachytic  lava,  as  tlie  case  might  be. 

There  is,  also,  still  another  leason  why  gmnite  is  found  principally 
in  connection  with  rocks  that  have  formerly  been  deep-seated,  and  that 

is,  that  all  Granite 
found  at  the  sur- 
face must  be  tliere 
in  consequence  of 
vast  denudation  hav- 
ing taken  place, 
which  great  masses 
of  other  rocks  have 

The  dotted  linea  represent  the  former  extension  of  stratified  been  removed,  to- 
rocks,  equally  penetrated  by  g,  the  granite,  but  the  penetrated  gether  perhaps  with 
ports  removed  by  denudation.  Granite 

that  once  existed  above  the  present  surface.  This  denudation,  of 
course,  exposes  the  lower  rock  to  view,  while  the  parts  of  tlie  higher 


Fig.  92. 
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rocks  that  were  ptirhaps  equally  penetrated  by  the  Gmnite  have  been 
swept  off  and  removed  (see  fig.  92)  ; the  other  parts  which  remain 
being  now  at  a distance  from  the  Gmnite,  and  shewing  no  signs  of  such 
penetration. 

It  Is  therefore  where  the  lowest  or  oldest  rocks  come  up  to  the 
surface  that  we  should  expect  most  frequently  to  meet  with  surface 
Granite,  we  find  to  be  the  case. 

Relative  Age  of  (Jranite  Masses  as  'proved  hg  that  of  their  Dtiiu- 
dati&n. — It  has  already  been  said  that  the  Granite  of  the  south-east  of 
Ireland  penetrates  no  rock  more  reCent  than  the  Lower  Silurijm,  while 
that  of  Cornwall  ami  Devon  intnides  into  the  more  recently  formed 
Devonian  and  Carboniferous  formations.  That  of  the  Moume  moun- 
tiiins  in  the  north-east  of  Ireland  also  penetrates  and  alters  the  Carbon- 
iferous Limestone.  Tliese  facts  would  in  themselves  raise  a presumption 
that  the  Coniwall  and  Moimie  mountain  granite  was  of  much  more 
recent  origin  than  that  of  Leinster.  Taken  by  them.selves,  however, 
they  are  not  sufficient  to  prove  this  relative  age,  since  it  might  be  sup- 
jMKseil  that  they  were  contemiwraneous,  but  that  the  Leinster  Granite 
did  not  come  through  the  lower  rocks  so  as  to  reach  into  the  upper, 
while  the  Granite  of  the  other  localities  did  so. 

We  can,  however,  by  examining  the  relations  of  the  Old  Red  Sand- 
stone and  Carboniferous  Limestone  to  the  Granite  of  Leinster,  prove  that 
that  Granite  is  much  older  than  those  formations,  inasmuch  as  it  was 
not  only  perfectly  consolidated  before  they  were  formed,  but  actually 
denuded  and  brought  to  the  surface,  as  shewn  in  the  preceding  chapter. 

Before  the  commencement  of  the  Carboniferous  period  the  Leinster 
Granite  formed  the  bare  surface  of  some  of  the  dry  land,  just  as  it  now 
forms  that  of  the  Wicklow  mountains,  and  the  bare  floor  of  some 
part  of  the  sea,  just  as  it  does  now  on  the  south  side  of  Dublin  Bay, 
and  would  to  a greater  extent  if  Ireland  were  to  sink  down  2000 
feet  or  so.  The  Old  Retl  Sandstone  and  Carboniferous  Liine.stone  were 
deposited  on  this  bare  surface,  and  included  fragments  of  it,  just  as 
rocks  would  do  now  if  it  were  to  be  so  depressed  and  deposition  to  take 
place  over  it. 

But  if  we  can  prove  thus  that  the  Leinster  Granite  was  consolidated 
long  before  the  CarboniferoiLS  period,  we  can  also  prove  that  that  of 
Cornwall,  and  that  of  Ulster  was  still  molten  during  that  period,  and 
even  after  it,  or  at  all  events  till  towards  its  close,  since  it  penetrates 
the  rocks  that  were  formed  during  that  perio<l. 

It  is  probable  that  the  Granite  of  the  two  latter  Iccalities  is  older 
than  the  formation  of  the  New  Red  Sandstone,  though  no  locality  is 
known  where  rocks  of  that  period  rest  on  the  bare  Granite  as  the  Old 
Red  does  on  that  of  Leinster. 

Granite  Veins. — Granite  veins  often  differ  sensibly  in  lithological 
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character  from  the  j)areiit  mass  which  they  proceed  from  ; and  some- 
times the  external  margin  of  the  Granite  differs  also  from  its  deeper  and 
more  central  portions.  Veins  very  frequently  become  more  ftne-grained, 
and  they  lose  commonly  the  mica,  and  sometimes  more  or  less  of  the 
quartz,  which  the  mass  contains,  becoming  less  ciy'stalline  and  more 
earthy.  Sometimes  they  take  up  into  their  constitution  additional 
materials,  derived  from  the  rock  which  they  penetrate  and  traverse. 
A striking  instance  of  this  latter  occurrence  is  described  by  Professor 
Haughton  in  Ms  paper  in  the  Journal  of  the  Geological  Society,  London, 
vol.  xii.,  pp.  193  and  197,  and  previously  quoted  when  speaking  of  the 
lithological  characters  of  Granite  at  p.  94  of  this  Manual. 


Fig.  93. 

Oraultv-  vcln»  travcrelng  Lower  Silurian  slate  (there  altere<l  into  mica  schist),  on  the 
shore  beneath  Killiney  Hill,  county  Dublin.  The  larger  niaa-ses  of  granite  are  marked  G. 

Fig.  93,  drattm  by  M.  Du  Noyer,  represents  Granite  veins  as  seen  on 
the  shore  of  Killiney,  near  Dublin,  traversing  a mass  of  the  (bark  Lower 
Silurian  slate  rocks,  which  are  there  altered  into  glittering  mica  schist. 
Tlie  little  bands  of  fine-grained  gray  gritstone,  indeed,  which  are  inter- 
stratified  with  the  clay  slates,  are  not  changed  except  by  a slight  addi- 
tional induration,  probably  on  account  of  their  being  almost  entirely 
sUiceous,  but  the  clay  slate.s  are  as  brilliant  silvery  mica  schist  as  can 
be  desired  ; moreover,  some  of  their  layers  are  crowded  with  beautiful 
stellated  forms  of  staurolite,  or  some  allied  mineral  which  has  been 
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developed  by  the  metamorphism  in  those  layers  which  had  the  requisite 
constituents  to  form  the  mineral,  while  they  ai*e  absent  from  the  inter- 
mediate layers. 

These  schistose  rocks  are  entirely  surrounded  by  the  Granite,  and 
rest  in  hollows  of  it,  although,  as  may  be  seen  in  the  sketch,  their  beds 
dip  down  on  to  it.  They  are  traversed  by  large  and  small  veins  of 
Granite,  one  vein  being  in  one  place  crossed  by  another  of  subsequent 
date,  though  not  probably  of  much  later  date,  since  the  whole  may 
have  been  the  result  of  one  continuous  and  perhaps  long  continued 
action. 

Other  veins  are  to  be  found  in  Granite  itself,  different  in  character 
from  the  surrounding  rock,  such  as  veins  of  eurite  (see  ante)  traversing 
coarsely  crj'stalline  and  highly  micaceous  Granite.  Such  veins  may 
sometimes  be  due  to  subsequent  intrusion  of  molten  matter  into  the 
cracks  of  the  Granite  ; and  when  they  traverse  not  only  the  Granite  but 
the  adjacent  slates  or  other  aqueous  rocks,  as  in  the  above  example, 
they  are  obviously  intrusive. 

In  other  cases,  however,  they  seem  to  have  been  the  result  of  a 
mere  local  difference  in  the  aggregation  of  the  minerals  during  the 
consolidation  of  the  rock.  Instances  occur  of  granite  veins  not  more 
than  three  feet  wide  penetrating  the  mica  schist  at  Killiney,  near 
Dublin,  the  general  mass  of  such  veins  being  ordinaiy  coarse-grained 
micaceous  Granite,  but  parts  of  them  suddenly  changing  into  fine- 
grained, almost  compact  rock  (or  eurite),  in  transverse  bands  of  irre- 
gular shape.  These  bauds  look  as  if  they  were  subsequent  veins  injected 
into  the  other  Granite  ; but  as  they  are  strictly  confined  to  the  Granite 
veins,  and  do  not  penetrate  the  adjacent  slates,  it  is  impossible  to 
attribute  such  an  origin  to  them. 

Moreover,  in  the  adjacent  Granite,  large  irregularly-shaped  masses 
of  this  compact  eurite  are  to  be  seen  coiuing  in  quite  suddenly,  but 
with  no  resemblance  to  a subsequently  intrudetl  mass. 

I believe,  then,  that  some  of  the  veins  in  a granitic  mass  are  merely 
veins  of  segregation,  and  not  subsequently  introduced.  • 

Other  veins,  however,  are  doubtless  of  subsequent  origin,  intruded 
both  into  the  Granite  and  adjacent  slates,  but  even  in  these  cases  it  is 
probable  that  they  are  not  of  a date  long  posterior  to  the  intrusion  of 
the  main  mass  of  the  Granite.  It  is  possible  that,  on  the  first  consoli- 
dation of  the  upper  portion  of  the  Granite,  that  which  was  in  contact 
with  the  superincumbent  rock,  cracks  and  fissures  might  take  place, 
into  which  injections  of  the  yet  molten  rock  below  might  be  forced. 
The  upper  consolidated  part  of  the  Granite,  although  no  longer  fluid 
from  heat,  might  yet  retain  a very  high  temperature — might,  for  in- 
stance, be  red-hot,  so  that  the  veins  injected  into  it  might  be  soldered, 
as  it  were,  firmly  to  the  walls  of  the  figures. 


31G 


ELVANS. 


The  difterence  in  texture  observable  in  some  of  these  veins  might 
be  due  to  the  different  mte  at  wliic.h  thev  had  cook*<l  so  as  to  solidifv  ; 
they  might  have  cooled  do\m  to  a re<l-heat,  for  instance,  or  any  other 
re<iuisite  temperature,  more  rapidly  thtm  the  geneml  mass  of  the  (Granite 
had  cooled  down  to  that  tem]K*rature,  and  hence  the  size  of  their  crys- 
talline particles  might  be  different  from  that  of  those  in  the  main  mass 
of  the  Gniiiite. 

Tlie  “ el  vans”  of  Cornwall  are  veins  of  qnartziferous  porphyry, 
differing  from  Granite  chieffy  in  the  absence  of  mica.  Similar  el  vans 
are  abundant  also  near  the  Omnite  of  Leinster,  and  jirobably  in  the 
neighbourhood  of  all  other  granitic  masses.  Tliev  are  obviously  veins 
derived  from  the  Granite,  since  that  particular  vaiiety  of  rock  only 
occurs  in  districts  whert'  Granite  also  occurs,  and  they  are  generally 
more  numerous  as  we  approach  the  Granite.  They  aie  often  traceable 
in  neaily  straiglit  lines  for  some  ludes,  although  only  a few  feet  in 
width,  several  of  them  sometimes  nmning  parallel  to  each  other  for 
such  a distance,  with  intervals  of  two  or  tliree  or  more  hundred  yards 
between  them.  They  often  coincide  in  strike  with  the  shite  or  other 
rocks  in  which  they  lie,  though  they  generally  cut  obliquely  acinss  the 
dip  of  the  beds,  and  sometimes  also  across  their  strike.  ITiey  often 
alter  the  rocks  in  contact  with  them  ; not,  however,  like  the  larger 
Granite  ma‘»ses,  by  converting  them  into  mica  scliist,  but  merely  pro- 
ducing a gi-eater  induration,  a more  minute  joint  fnictiu'e,  and  a brown 
feiTUginous  tinge,  giving  tliem  what  miglit  be  allied  a “burnt”  aspect. 

In  the  Leinster  district  the  rock  of  these  “elvaiis”  is  more  like  that 
obsenable  in  the  small  outlying  bosses  of  Gnmite  which  just  shew 
themselves  through  the  slate  in  the  countiy  between  the  Granite  hills 
and  the  sea,  than  it  is  to  the  Granite  of  the  “ main  chain.” 

Professor  Haughton,  in  his  paper  in  the  Journal  of  the  Geological 
Society,  vol.  xii.,and  that  which  he  published,  conjointly  with  myself,  on 
the  south-east  of  Ireland,  in  the  Transactiong  of  the  It.  1.  Academy, 
vol.  xxiii.,  part  2,  shews  that  the  feldspar  of  the  main  chain  Granite  is 
chiefff  or  entirely  orthoclase  or  ]>otash  feldspar,  while  that  of  the  out- 
lying Granite  Ixjsses  is  veiy  various,  some  of  the  Granites  containing 
mora  soda  or  iron  or  alumina  than  others.  He  attributes  this  to  the 
various  impurities  which  have  been  incorporated  Mith  these  granitic 
masses  while  they  were  yet  in  a state  of  fusion. 

These  differences  are  exactly  what  we  should  expect  in  veins  of 
molten  matter  proceeding  from  a large  homogeneous  mass  through  a 
great  thicknejw  of  other  rocks  which  varied  in  composition,  and  therefore 
absorbing  into  themselves  different  materials  on  their  passage. 

Apparent  iuterstratif  cation  of  Granite  and  Mica  Schist,  etc. — When 
granitic  veins  are  nimierous  and  close  together  they  often  seem  at  the 
surface,  or  in  exi>osure8  of  small  depth,  as  if  there  were  alternating  beds 
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of  Granite  an«l  Mica  schiJjt.  Tliis  i«  actually  Btatc<l  to  be  the  case  by 
Mr.  Weaver  in  his  excellent  pa}x?r  on  the  geology  of  the  south  of  Ire- 
land (in  the  fifth  volume,  p.  142,  ci  ^^7.,  of  the  Tnms.  (JtoL  Soc.y  1st 
series)  with  re,spect  to  the  Granite  and  Mica  schist  of  the  eastern  fliuik 
of  the  \Vicklow  mountains. 

An  examination  of  the  bonlers  of  the  Leinster  Granite,  however, 
w'ith  the  maps  and  sections  of  the  geol(»gical  survey,  will  shew  that  this 
is  merely  the  result  of  original  irregularities  in  the  luidulating  surface 
of  the  Granite,  and  of  the  veins  proceeding  from  it  at  the  time  of  ita 
inuption. 

On'guvtl  Irregularities  in  Surface  of  Deep-seated  Mass  of  Granite ^ and 
varied  Apjyearances  shexcn  hg  varied  Denudation. — The  Granite  being 
forced  from  below,  upwards,  into  a thick  overlying  mass  of  (’ambro- 
Silurian  rocks,  in  and  below  which  it  ultimately  consolidated,  the 
internal  force  which  presseil  it  upwards  caused  not  only  injections  of 
the  yet  molten  rm^k  into  the  cmcks  and  fissim's  of  tlie  superincumbent 
mass,  but  undulations  in  the  general  surface  of  the  Granite,  some  parts 
of  the  overlying  mass  being  heaved  up,  and  others  sinking  down  into 
the  yet  molten  Gnuiite.  Urged  by  the  force  ladow,  the  molten  rock 
would  burrow  upwards  and  sideways,  eating  away  support  after  support 
of  the  mass  above  it,  and  in  some  cases  actually  melting  them  down 
perhaps,  and  absorbing  their  materials  into  itself.  AV^e  should  natumlly 
suppose  that  as  long  as  the  granitic  matter  remained  completely 
fluid  its  motion  woidd  be  continuous,  but  as  it  cooled  and  passe<l  into 
a Jiasty  state,  that  motion  would  become  more  and  more  sluggish  until 
it  finally  ceivsed  to  move,  but  retained  the  undulations  in  the  form  of 
its  surface  which  were  last  imjiressed  ujion  it. 

The  upper  surface  of  the  Granite  mass  on  its  final  consolidation 
might  thus  be  an  excessively  irreguLar  one,  with  protuberant  mounds 
or  ridge.s,  and  deep  hollow-s  and  indentations,  while  the  bed.s  of  the 
superincumbent  mass  w'ould  not  be  likely  to  conform  at  all  to  this 
irregularity  of  surface,  but  would  often  dip  diivctly  dowui  on  to  it,  or 
abut  against  it  in  all  kimis  of  w'ays,  and  to  any  amount  of  inclination. 
When  such  a .surface  was  ultimately  brought  up  and  denuded  so  as  to 
form  the  .surfju*e  of  the  ground,  it  might  reailily  produce  the  appearance 
of  interstratification  of  sheets  of  Granite  with  beds  of  the  other  rocks,  or 
of  the  other  rocks  having  been  brought  by  faults  abrujdly  against 
masses  of  Granite  and  other  deceptive  fonirs,  very  likely  to  rni.slead  the 
observer,  unless  he  look  back  h)  the  proliabilities  of  the  original  case. 

It  may  often  happen  then,  even  wiiere  beds  of  aipioous  rock 
are  liighly  inclined,  or  absolutely  vertical,  tliat  the  Granite  may  be  at 
no  great  distance  below  the  surface,  and  if  the  rocks  exhibit  marks  of 
metamorphisra  or  the  occurrence  of  granite  veins,  those  cinmmstanccs 
may  be  taken  as  good  evidence  for  the  proximity  of  the  Granite,  not- 
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withstanding  that  no  large  granitic  mass  shews  itself  at  the  present 
surface  for  perhaps  several  miles.  (See  fig.  94.) 

These  ideas  respecting  the  original  subterranean  form  of  the  surface 
of  Granite  masses  are  strongly  corroborated  by, the  relations  between  the 
Granite  of  the  Leinster  chain,  and  the  associated  and  partly  included 
masses  of  Mica  schist  in  different  parts  of  its  range,  those  relations  often, 
varying  according  to  variations  in  the  surface  of  the  ground,  or  in  other 
words,  according  to  the  extent  of  the  denudation  that  has  affected  them. 
In  those  parts  where  the  Granite  forms  lofty  hills,  the  Mica  schist  spreads 
far  up  on  the  flanks  of  those  hills,  and  on  the  very  loftiest,  such  as 
Lugnaquilla  (which  is  over  3000  feet  above  the  sea),  large  patches  of 
Mica  schist  occur  even  on  the  summit,  so  that  the  surface  exposure  of 
Granite  is  there  narrowest  and  most  interrupted.  Had  the  hills  been 
left  another  500  or  1000  feet  higher,  the  Granite  would  apparently  have 
been  entirely  concealed  there  by  masses  of  Mica  schist  stretching  com- 
pletely over  it 

On  the  other  hand,  where  the  Granite  forms  low  ground,  as  about 
TuUow  and  Hacket8touTi,its  surface  exposure  is  there  by  far  the  widest, 
and  all  the  central  part  of  it  is  completely  free  from  patches  of  mica 
schist. 

It  is  obvious  that  these  differences  are  the  result  of  the  different 
amount  of  denudation  that  has  acted  on  the  Granite.  Where  the  ground 
is  loftiest,  we  have  the  nearest  approach  to  the  original  surface  of  the 
Granite  and  its  original  covering  of  other  rock  ; where  the  denudation 
has  cut  down  deepest,  so  as  to  form  low  ground,  there  we  get  deeper 
into  the  Granite  mass,  or  further  from  its  original  surface,  to  a depth, 
indeed,  to  which  no  mass  of  Mica  schist  could  penetrate,  imless  it  were 
altogether  detached  from  the  overlying  mass,  when  it  would  be  probably 
melted  down,  and  its  materials  absorbed  and  dispersed  through  the  mass 
of  the  molten  matter. 


Fig.  94. 

Ideal  section  representing  the  relations  between  G,  a granite  mass,  and  8,  a super- 
incumbent mass  of  slate  rock  ; the  lines  a,  b,  and  c,  d,  etc.,  representing  different  surfaces 
formed  by  denudation. 

Fig.  94  may  be  taken  as  a diagrammatic  way  of  illustrating  these 
views,  G G representing  a mass  of  Granite  gradually  forced  uptvards 
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into  the  mass  of  slate,  S S,  which  had  been  already  disturbed  and 
tilted  in  various  directions.  The  Granite  would  ultimately  consolidate 
with  a variously  irregular  surface,  from  which  numerous  veins  might 
proceed,  somewhat  in  the  way  delineated  in  the  figure. 

A metamorj»hosis  into  Mica  schist  and  Gneiss  also  would  take  place 
in  the  parts  of  the  slates  nearest  to  the  Granite,  gradually  fading  away 
as  we  recede  from  its  general  outline.  This  is  attempted  to  be  repre- 
sented by  the  waved  and  zig-zagged  lines  she^\'n  in  the  parts  of  fig.  94 
near  to  the  Granite. 

If  subsequent  denudation  produce  the  surface  a hy  none  of  the 
Granite  veins  may  be  seen  on  it,  although  part  of  the  slates  may  be 
slightly  metamorphosed,  so  as  to  be  called  “ talcose  ” perhaps.  If  tlie 
denudation  be  continued,  so  as  to  produce  the  surface  c rf,  a few  veins 
\\ill  reach  it ; these  would  become  more  numerous  as  the  surface  t f 
was  reached.  The  surface  g A,  and  intermediate  surfaces  between  e f 
and  it,  would  expose  some  of  the  Granite  with  many  patches  of  Mica  • 
schist  ui>on  it,  and  apparently  dipping  down  into  it,  but  not  reaching 
far,  as  would  be  shewn  by  their  absence  from  the  surface  i y,  when  that 
was  readied.  The  width  of  the  Granite  area,  too,  would  be  mucli 
greater  on  the  surface  i j than  on  g A,  and  would  necessarily  increase 
witli  the  depth  of  the  denudation,  the  Granite  veins  being  seen  then 
only  on  the  sides  of  the  area,  and  no  patches  of  Mica  schist  occurring 
far  from  those  sides,  tliese  facts  becoming  still  more  marked  as  the 
denudation  successively  reached  the  still  lower  levels,  k ly  and  m n. 

This  diagram  may  be  taken  as  a general  exposition  of  the  facts  of 
the  case,  with  respect  to  tlie  exhibition  of  the  Leinster  Granite,  except 
that  the  supposed  surface  lines  a h and  c dy  etc.,  are  drawn  as  straight 
parallel  lines,  instead  of  variously  undulating  ones.  Judging  from  the 
maps  of  the  geological  survey,  tlie  explanation  would  apply  also  to  the 
Cornwall  and  Devon  district,  and  I believe  it  -wdU  be  eventually  found 
applicable  to  all  other  granitic  districts,  when  they  are  surveyed  witli 
the  same  accuracy  and  minuteness  that  has  been  devoted  to  those  above 
named. 
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1.  Form  and  Mode  of  occurrence  of  Trap  Rocks. — The  trappean 
rocks  may  be  especially  characterised  as  overlying  rocks  when  compared 
with  the  gi*anitic  class ; but,  inasmuch  as  they  always  proceed  from 
below,  it  is  obvious  that  every  overlying  mass  of  igneous  rock  must 
have  a connection  with  some  underlying  mass  by  means  of  an  intrusive 
pipe,  dyke,  or  vein  (see  fig.  95).  Tlie  terms  “pipe”  and  “vein” 

sufficiently  explain 
themselves.  “Dyke” 
is  a North  British 
teim  for  a “waU;” 
it  is  sometimes  by 
miners  applied  to  a 
mere  fault  or  fissure, 
but  by  geologists  is 
always  understood  to 
mean  a wall-like 
mass  of  igneous  rock 
filling  up  a fissure  in 
other  rocks.  A dyke 
may  come  up  through 
any  kind  of  previ- 
ously existing  rock, 
wliether  igneous  or 
aqueous,  trap  dykes  sometiiries  traversing  granite,  and  overlying  masses 
of  trap  resting  on  that  or  any  other  kind  of  rock  wliatever. 

They  may  also  reach  and  flow  along  all  kinds  of  places — the 
surface  of  the  dry  lan<l,  when  they  become  volcanic  rocks,  and  would 
be  called  lava ; the  bottom  of  the  sea,  when  they  would  probably  be 
called  lava  or  trap,  according  to  its  depth  and  the  circumstances  of 
time  and  pressure  under  which  they  cooled ; and  in  between  the  beds 
of  aqueous  rocks  at  dlfierent  deptlis,  or  j)erhaps  between  the  horizontal 
or  other  joints  of  previously  cooled  igneous  rocks,  whether  granitic  or 
trappean. 

* Those  portions  of  trap  rocks  which  have  spread  out  upon  the 
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^ Fig.  9b.  ° 

Overlying  trap  proceeding  from  underlying  mass. 

a,  The  overlying  igneons  rock. 

b,  Tlic  underlying  igneoua  rock. 

c,  The  previously  existing  rock,  whether  igneous  or  aqueous. 
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bottom  of  the  sea,  and  have  thus  become  buried  betw'een  two  consecu- 
tive deposits  of  aqueous  matter,  are  called  “ contemporaneous  traps.” 

In  the  old  Silurian  districts  of  the  British  Islands  great  sheets  of 
fehione  and  of  feldfipathic  ash^  making  sets  of  beds  many  hundred  feet 
thick,  are  thus  interstratified  with  the  aqueous  rocks,  and  have  since 
suffered  with  them  all  the  accidents  of  flexure,  contortion,  and  fracturt* 
that  subsequent  disturbing  forces  have  brought  ujk)U  tho.se  districts. 
Some  fine-giained  traps  and  ashes  have  undoubtedly  been  even 
affected  by  slaty  cleavage  and  made  into  trappean  slate,  though,  as 
some  of  them,  like  the  clinkstones  of  Mont  Dor  and  Velay,  may 
assume  a finely  laminated  or  slaty  structure  on  cooling,  this  character 
requires  to  be  very  carefully  observed  before  it  is  attributed  to  the 
same  cause  that  cleaved  the  aqueous  rocks. 

Contemporaneous  or  bedded  felstones  with  accompanying  aslies,  as 
well  as  intrusive  masses  of  felstoue,  occur  also  in  the  south-west  of 
Ireland,  in  the  Upper  Silurian  i*ocks  of  the  Dingle  Promontory,  in  the 
Old  Ked  Sandstone  near  Killamey,  and  in  the  Carboniferous  shite  of 
Bearhaven. 

Greenstone  likewise  occurs,  with  or  without  ash,  in  contempomneous 
beds  as  w^ell  as  in  veins  and  dykes,  and  as  intrusive  sheets  that  in  some 
places  take  the  form  of  beds. 

Intnisive  sheets  of  greenstone  have  been  traced  for  miles  in  the 
rocks  of  North  Wales,  during  the  geological  sim^ey,  running  regularly 
between  two  seta  of  beds,  as  if  they  were  contemporaneous  tmps,  till  at 
length  they  were  foimd  to  cut  obliquely  up  or  down,  and  run  on 
between  other  beds. 

A large  sheet  of  greenstone,  varying  in  thickness  from  20  to  60 
feet  at  least,  has  been  found,  by  mining,  to  spread  over  an  area  of  at 
least  twenty  square  miles  ui  the  South  Staffordshire  coalfield,  lying  in 
one  part  of  the  <livStrict  at  a depth  varying  from  30  to  70  feet  below  the 
“ Bottom  coal,”  but  in  another  part  cutting  up  through  that  coal  and 
spreading  over  it,  and  sending  up  dykes  and  protuberant  bosses  in  some 
places  into  still  higher  measures. — {See  Mem.  Geol.  Surv.,  S.  Staff.  Coal- 
field, 2d  ed.,  p.  127.) 

In  such  cases  as  these,  we  may  suppose  that  having  been  forced  up 
tlirough  previously-formed  fissures  to  a certain  height,  the  molten  rock 
then  met  with  such  an  opposition  above,  that  it  was  as  easy  for  the 
force  which  was  imjielling  it  to  lift  tlte  beds  above  as  to  break  through 
them.  The  planes  of  stratification  then  became  those  of  least  resist- 
ance ; some  horizontal  cavities  or  some  marked  division  between  the 
beds  perhaps  was  taken  advantage  of,  and  the  molten  stream,  beginning 
to  flow  in,  was  injected  Muth  sufficient  force  to  float  the  mass  above 
upon  its  surface. 

Greenstones  occur  likewise  in  contemporaneous  beds  interstratified 


322 


INTRUSIVE  TRAP. 


with  both  “ ash  ” and  aqueous  rocks.  The  beds  of  “ toadstone  ” * in 
the  limestone  of  Derbyshire  fonn  one  instance  of  this,  and  other  cases 
occur  abundantly  in  other  parts  of  the  British  Islands  and  in  Ireland, 
as  will  be  mentioned  presently. 

Distinction  between  Contemporaneous  and  Intrusive  Trap. — As  it 
is  sometunes  not  very  easy  to  distinguish  between  injected  sheets  of 
trap  and  contemporaneous  beds  of  it,  it  will  be  useful  to  examine  those 
circumstances  which  will  enable  us  to  do  so. 

If  a sheet  of  trap  rock  (whether  felstone  or  greenstone),  after 
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Fig.  96. 

s.  Stratified  rock. 

t.  Trap  running  partly  between,  partly  across  the  beds. 


running  for  some  dis- 
tance betw'eeu  two 
^ certain  beds,  cut  up 
or  down  and  proceed 
between  other  beds, 
as  in  fig.  94,  it  is  ob- 
viously intrusive  and 
not  contemporaneous. 
If  the  beds  above 
g a sheet  of  trap  be 
as  much  .altered  or 
“ baked”  by  the  igne- 
ous rock  as  those 
below,  or  if  it  send 
any  veins  up  into 


the  beds  above  it,  it  is  equally  plain  that  it  must  be  an  intrusive 
sheet. 

If,  however,  the  trap  runs  regularly  betw'een  two  beds,  and  the  bed 
below'  the  trap  be  altered,  w’hQe  that  above  it,  composed  of  equally 
alterable  materials,  is  quite  unaftected,  we  may  conclude  that  the  trap 
was  j)oured  out  and  flow'ed  over  the  surface  of  the  lower  bed,  and  that 
the  upper  bed  was  subsequently  deposited  ujx)n  it  ; in  other  words, 
that  the  trap  is  con  tern jx>raneous  and  not  intrusive  as  regards  tlie  beds 
in  that  place. 

This  conclusion  w'ould  be  confirmed  if  the  upper  surface  of  the  trap 
be  rugged  and  uneven,  and  if  the  stratification  and  lamination  of  the 
bed  alx)ve  conformed  to  these  rugosities,  as  suggested  in  fig.  97. 

In  the  “ toadstone  ” of  Derbyshire  globular  masses  of  its  upper 
surface  are  often  almost  completely  included  in  the  superincumbent 
limestone,  clearly  shewing  that  the  limestone  w’as  deposited  at  the 
bottom  of  the  sea  on  the  uneven  surface  of  the  cooled  trap. 


* Toad.stonc  is  a local  name,  cither  given  because  the  rock  often  resembles  a toad  in 
colour,  or  derived  from  the  Gcnnan  word  "todsteiu”  or  “dead  stone,”  because  the 
lead  veins  “die  out”  on  approaching  tlio  toadstone,  and  were  supposed  not  to  recur 
beneatii  it. 
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If,  again,  the  bed  above  the  trap  contained  any  fragments  clearly 
derived  from  the  erosion  of  the  trap,  it  would  prove  the  trap  to  be  a 
contemporaneous  one.  The  Carboniferous  Limestone  of  the  county 


s,  stratified  rock,  the  lamination  of  which  confonns  to  the  rugged  surface  of  t,  a trap,  in 
such  a way  os  to  shew  that  it  was  deposited  upon  it. 

Limerick  includes  great  beds  of  trap,  and  the  limestone  beds  immedi- 
ately above  these  are  often  full  of  little  grains  and  fragments  of  the 
trap,  shewing  that  the  trap  was  in  existence  before  those  beds  of  lime- 
stone were  formed  over  it. 

When  beds  of  trap  (whether  purely  feldspathic  or  feldspatho- 
hornblendic)  are  clearly  interstratified  wdth  beds  of  “ ash”  or  “ tulF”  of 
the  same  character,  whether  that  ash  were  subaerial  or  submarine  ash,* 
it  becomes  almost  certain  that  the  trap  is  contemporaneous  ; for  that 
ash  is  clearly  derived  from  some  contemporaneous  trap  somewhere,  and 
the  chances  would  be  greatly  against  a sheet  of  similar  trap  being 
subsequently  injected  into  those  ashes,  •without  producing  in  them  great 
and  obvious  alteration,  or  cutting  them  with  dykes  and  veins  so  as  to 
clearly  shew  its  intrusive  character. 

Even  should  the  ash  shew  a considerable  amount  of  alteration  fix)in 
its  original  state  as  a mechanical  deposit,  sucli,  for  instance,  as  the 
pi'oduction  of  crystals  of  feldspar  tlirough  its  mass,  it  would  not  be  con- 
clusive evidence  against  its  being  an  “ ash,”  or  against  the  contem- 
poraneous age  of  the  trap  Ijeds  associated  with  it,  since  such  alteration 
might  be  the  result  of  a subsequent  general  action,  which  had  produced 
a greater  effect  on  the  “ ash”  than  on  the  other  rock.s,  because  its  nature 
made  it  more  easily  impressible,  and  more  open  and  liable  to  change 
than  the  solid  igneous  or  the  simple  and  more  homogeneous  aqueous 
rocks. 

Instances  also  occur  of  a genuine  “ash”  looking  like  a porph3rry 

* The  student  must  regard  the  tenn  “ ash,”  introduced  by  Sir  H.  De  la  Beche  ns  merely 
an  English  synonym  of  the  Italian  word  *’  tuff,"  or  “ tufa,”  when  the  latter  is  applied  to 
igneous  materials.  The  advantage  of  using  the  term  “ ash  ” is  the  avoidance  of  the  ambiguity 
arising  from  “ tufa”  being  sometiinea  applied  to  calcareous  or  other  depositions  of  a soft 
friable  character. 
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from  containing  crj'stals  of  fehUjiar  or  hornblende  that  were  not  innate 
crj'^sUils  formed  in  it,  but  deposited  as  slightly  worn  and  rounded 
ciystals  along  witli  it. 

The  Traps  and  A»hes  of  the  Lower  Silurian  Rocks  of  North  Wales. 
— In  some  parts  of  North  Wales  there  are  great  irregular  bosses 
and  mountainous  masses  of  trap  of  various  kinds,  apparently  the  centres 
or  foci  of  tjmption,  from  which  ])r<>cfMHl  huge  continuoiLs  sheets  of 
felstone  and  otlier  kimls  of  trap  sj)reading  over  great  areas  and  inter- 
stratified  with  “ ash,”  sandstone,  and  slate.  Still  more  widely-spread 
sheets  of  “ ash,”  sometimes  hanlly  distinguishable  from  trap  when  near 
the  igneous  foci,  become  thinner  and  more  obviously  mechanical,  more 
completely  conglomeritic  or  brecciated,  or  moi*e  calcareous  and  more 
regularly  bedded  as  we  proceed  from  these  foci.  Tlie  whole  of  these 
rocks  are  cut  through  and  j)enetrated  in  dilferent  places  by  subsequently- 
formed  dykes,  veins,  and  intrusive  sheets  of  other  traps  (greenstones, 
felstones,  syenites,  elvanites,  etc.),  altering  the  rocks  more  or  less  entirely 
according  either  to  their  chemical  composition  or  to  the  mass  of  the 
intrusive  trap,  and  thus  completing  the  comple.xity  and  confusion  which 
the  geologist  has  to  unravel.* 

Not  only  were  the  rocks  thus  complex  at  their  first  fonnation,  but 
they  have  since  been  greatly  upheaved  and  disturbed,  thrown  into 
many  and  complicated  folds,  and  broken  by  many  faults  running  in 
various  directions,  heaving  and  dislocating  the  beds  now'  one  way,  and 
now  another,  and  with  ever  varying  anmunts,  sometimes  throwing  them 
jis  much  as  three  or  four  thousand  feet  from  the  level  of  the  correspond- 
ing beds  on  the  other  side  of  the  fault.  In  addition  to  tliis,  the 
country  has  been  worn  and  eroded  into  valleys  and  glens,  with  pre- 
cijntous  clitts  and  crags,  separated  by  more  or  less  inaccessible  ravines  ; 
and  as  the  rocks  are  frc(|uently  disguised  by  partial  decomposition,  and 
concejiled  over  wide  intervening  spaces  by  soil,  by  vegetation,  or  by 
superficiiil  accumulations  of  gravel,  clay,  and  sand,  it  will  be  reatlily 
understo(Hl  that  it  is  no  easy  or  unlaborious  task,  though  often  a healthy 
and  delightful  one,  to  trace  out  all  this  complexity,  and  restore  order 
to  all  this  confusion,  to  delineate  the  outlines  and  positions  of  the  rocks 
Jis  they  now  arc,  and  to  reason  back  to  their  original  state,  an<l  to  the 
causes  which  i)roduced  theru.t 


• Seethe  “Memoirs”  of  Professor  Se<ij?wiek  in  Proeeedings  of  Gcologieal  Society;  also 
his  “ lA'tters  to  W'onlsworth  ” in  the  Giiiae  t*>  the  Lakes,  and  “ Intnxluction  to  Palieoz<»io 
Rocks,”  Sd  F'aseiculns  ; also  Murchison's  “ Silurian  System,”  and  the  maps  and  seotious  of 
North  Wales,  }>ublishe*l  by  the  Ocologienl  Snr\-oy. 

t I believe  I am  corre^et  in  sayinj?,  that  s«>mc  districts  of  Nortli  Wales  were  viaibnl  ami 
revisited  not  less  than  ten  times,  during;  the  pro^^reas  of  the  Geological  Sun'ey,  by  the  stinie 
oftserrer,  before  their  stnietun)  was  rightly  eoniprohende<l.  This  was  n>oro  esiweially  the 
case  in  some,  of  the  wiMer  districts,  whieh  required  some  hours'  walking  “over  moor  and 
mountain”  before  they  could  be  reached. 
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The  Trajy  Dhtrict  of  the.  Limerick  Basin. — Ireland  presents  us 
witli  an  example  of  interstrati  fled  aqueous  and  igneous  rocks  in  coimty 
Limerick,  whicli  is  perliaps  more  interesting  and  even  more  instructive 
than  North  Wales  or  other  mountainous  regiiuis,  because  it  has  been 
less  disturbed,  and  is  much  more  easily  examined.  Tlie  aqueous  rocks, 
too,  are  cliietly  limestone,  so  that  there  is  no  difficulty  in  distinguishing 
them  from  those  of  igneous  origin.  The  north-ea.steni  part  of  Limerick 
and  neighbouring  j)art8  of  Tipperary  are  occupied  by  a broad  mass  of 
liills,  of  which  Slievkimalta  or  the  Keeper,  2278  feet,  is  the  loftiest 
Tliese  are  made  of  Lower  Silurian  n)cks  coveml  on  tlieir  flanks  by  a 
coating  of  Old  Red  Sandstone  about  500  or  GOO  feet  thick,  which  di[>s 
down  on  all  sides  beneuth  a plain  formed  of  Carbonifemus  Limestone. 
Towards  the  south  and  south-west,  other  hills,  such  as  Slievnamuck  and 
the  Galtees  (of  which  Galtymore  is  30 1 5 feet  high),  the  Slievreagh  and 
the  Knockfeerina  ranges,  rise  from  the  plain  at  a distance  of  about  15 
or  20  miles  from  the  foot  of  the  Keeper  group.  Tliese  other  hills  art* 
all  made  externally  of  Old  Red  Sandstone  rising  up  from  beneath  the 
Carboniferous  Limestone,  and  enveloping  thick  and  massive  nuclei  of 
contorted  and  denuded  Lower  Silurian  rocks.  The  ctaitre  of  the  rich 
plain  between  these  mountainous  hills  is  diversified  by  groups  of 
less  lofty  but  often  steep  and  rough-looking  hills,  rising  into  cragg}' 
knolls  some  GOO  or  700  feet  high,  while  much  of  the  country  about 
them  consists  of  alluvial  flats  not  more  than  100  feet  above  the  sea. 

These  craggy  hills  aic  chiefly  composed  of  trap  rock,  some  of  them 
a red  syenitic  poijihyry,  others  a dull  purple,  often  earthy-looking  traj>, 
with  or  without  crystals  of  feldspiu’,  others  of  greenish  and  blackish 
colours.  Some  of  them  might  ]>erhai«  be  called  feldspar-jioiqdiyiy,  or 
conijxict  feldspar,  others  greenstone,  melaphyr  or  basalt.*  Some  of  these 
traps  become  in  some  places  regularly  and  beautifully  colunmar,  others 
are  quite  vesicular  and  scoriaceous,  the  vesicles  being  often  filled  with 
ciy  stals,  sometimes  of  white  calc-spar,  sometimes  of  zeolite,  and  some- 
tunes  even  of  ([uartz,  and  thus  fonning  an  amygdaloid. 

Some  of  the  vesicular  jwrtions  make  rude  layers  between  bands  of 
compact  or  ciystalline  trap,  as  if  they  had  formed  the  top  and  bottom 
of  different  flows  of  lava,  like  those  describi*d  by  Sir  C.  Lyell  in  his 
paper  on  Etna  in  the  148th  vol.  of  the  Phihsojthical  Transactions, 
p.  732. 

Associated  with  the  porjihyries  and  other  traps  are  large  irregular 
deposits  of  “ a'sh,”  consisting  of  beds  of  coarse  and  fine  grained  materials 
obviously  derived  from  the  traps,  and  such  as  are  found  nowhere  else 
in  the  neighbourhood  except  in  the  traps.  Some  of  these  beds  consist 
of  coarse  conglomerates,  with  rounded  blocks  of  trap  and  lime.stone,  some 

• The  ohenifoftl  analysiH  of  theae  (liffcrcnt  kimlB  of  traj)  would  be  a very  iutereBting 
subject  of  in(|uiiy,  but  no  chemist  has  as  yet  undertaken  it. 
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of  which  are  as  lai^e  as  a man’s  head,  and  many  as  large  as  the  fist. 
Other  beds  are  composed  of  very  regular  parallel  laminaj  of  grains  of 
trap,  many  of  which  are  vesicular,  varying  in  size  from  peas  dowm  to 
pin-heads,  and  others  still  more  minute,  the  coarse  and  fine  layers  often 
alternating  in  such  regular  bands,  of  about  half  an  inch  in  thickness, 
that  they  have  been  likened,  as  they  appeared  in  the  quarry,  to  the 
edges  of  a pile  of  planks  in  a timber-yard.  These  “ ashes”  are  generally 
either  purjde  or  green,  and  some  of  the  green  kinds,  especially,  become 
still  more  fine-grained,  so  that  the  imrticles  are  ultimately  imdistinguish- 
able  even  by  tlie  lens,  and  the  stone  becomes  a comjwct  green  rock,  like 
a rude  porcelain.  Some  of  this  compact  stone  forms  layers  interstrati- 
fied  with  coarser  la^'ers,  but  in  other  cases  it  alternates  with  layers  of 
limestone,  the  two  kinds  of  rock  being  blended  together  so  that  hand 
specimens  may  be  got  containing  layers  of  both.  This  stone  looks  as  if 
it  were  composed  of  the  finest  and  most  impalpable  volcanic  dust  or 
powder  coiLsolidated  into  a rock. 

Not  only  do  beds  of  this  compact  rock  contain  layers  of  limestone, 
and  beds  of  limestone  contain  layers  of  this  compact  a.sh,  but  there 
occur  alternations  of  coaraer  a.sh  and  limestone,  as  well  as  rounded 
blocks  of  limestone  in  the  ash,  and  layers  of  chips  and  fragments  of 
the  trap  in  many  beds  of  limestone. 

Some  of  the  great  masses  of  trap,  800  or  1000  feet  thick,  are  found, 
when  followed  along  their  strike,  to  split  up  and  let  in  alternations  of 
beds  of  ash  and  beds  of  limestone  with  beds  of  trap,  she\\ing  that  the 
greater  uninterrupted  masses  of  trap,  even  some  of  highly  crystalline 
])orj)hyr)%  were  in  reality  formed  by  successive  flows  of  molten  rock  at 
the  bottom  of  the  sea,  and  that,  where  each  of  these  flows  terminated 
or  became  thin,  accmnulations  of  ash  or  limestone  took  jdace  on  the 
sea-bottom,  in  the  interv^als  between  the  out])ouring  of  one  flow  and 
that  of  the  next,  so  as  to  cause  these  interstratification-s.  Pallas  Hill  is 
a conspicuous  example  of  tliis  occurrence.  Instances  are  not  wanting 
of  intrusive  dykes  cutting  tlirough  both  aqueous  and  igneous  rocks,  but 
being,  of  course,  more  readily  distinguishable  when  they  traverse  the 
aqueous  than  the  igneous  rocks. 

In  the  centre  of  the  district  around  Ballybrood  is  a patch  of  Coal- 
measures  (one  of  those  alluded  to  l)cfore  at  p.  286),  sheudng  that  between 
this  and  the  foot  of  the  Old  Red  Sandstone  liills  we  have  the  whole 
series  of  the  Carboniferous  Limestone. 

These  Coal-measures  are  in  one  place  penetrated  by  intrusive  trap, 
and  they  rest  on  one  side  on  a thick  mass  of  bedded  trap,  which  is  the 
trap  of  which  Pallas  Hill  is  formed,  while,  on  the  other  side,  they  repose 
on  the  top  of  the  Carboniferous  Limestone. 

This  upper  trap  band  now  fonns  the  half  of  an  oval  basin  about  six 
miles  long.  Tlie  trap  dies  away  in  the  limestone  towards  the  noilh- 
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west,  but  becomes  so  thick  towanls  the  south-east  as  to  have  preventeil 
the  deposition  of  the  uppermost  lx*ds  of  the  limestone  there,  and  not  U» 
have  been  covered  in  that  part  by  any  aqueous  rock  till  the  Coal- 
measures  were  de]X)sited.  Beneath  this  upper  band  of  trap  and  ash, 
which  swells  out  to  a maximum  thickness  of  1 200  feet,  limestone  is 
found  with  a thickness  of  about  800  or  1000  feet,  below  which  is 
another  great  band  of  trap  and  ash  often  attaining  a thickness  of  1100, 
and  sometimes  of  1300  feet.  This  forms  now  a regular  oval  ring  of 
about  twelve  miles  from  east  to  west,  and  six  miles  from  north  to  south, 
dipping  from  all  directions  towards  the  central  district  of  Ballybrood. 

From  beneath  this  rises  the  lower  part  of  tlie  limestone,  the  beds  of 
which  spread  round  it  for  some  miles  on  all  sides.  Towanls  the  west 
and  north-west,  these  lower  limestones  undulate,  so  as  to  bring  in  several 
irregular  outlying  ba8in-sha{x:d  patches  of  the  bedded  traps  and  ashes 
above  it  with  parts  of  the  upper  limestone  over  them.  In  other  direc- 
tions, however,  they  rise  gently  but  steadily  out,  so  as  to  bring  up  lower 
and  lower  beds  as  we  recede  from  the  traps.  It  is  very  remarkable, 
that  on  the  south  of  the  trappean  ba'^in  we  get  a line  of  five  intrusive 
bosses  of  trap,  that  rise  up  through  the  lower  limestone,  and  one  at 
about  the  same  distance  north  of  the  trap  basin.  These  h)ok  like  some 
of  the  volcanic  foci  from  which  the  l>edded  traps  were  derived,  the  old 
roots,  as  it  were,  of  the  submarine  lava  flows,  exposed  to  view  by  the 
denudation  of  the  limestones  and  traps  that  once  covered  them.  Otlier 
foci  or  imiptive  nias.ses  are  doubtless  concealed  beneath  the  existing 
beds  of  trap  in  the  central  parts  of  the  basin. 

Full  descriptions  of  this  district  will  be  foimd  in  the  sheets  of  the 
map  of  the  Geological  Surveg  of  Ireland^  Nos.  143  and  144,  153  and 
1 54,  and  their  accompanying  printed  explanations,  and  in  the  sheets  of 
Longitudinal  Sections,  Nos.  6,  7,  and  8.  It  is  one  of  the  most  complete 
examples  I know  of  the  interstratification  of  igneous  and  a<jueous  rocks, 
and  of  the  exi)osure  of  an  old  submarine  volcanic  district  by  the  eleva- 
tion and  denudation  of  the  beds. 

^V^len  examining  some  of  the  traps  and  ashes  of  the  district,  I was 
often  reminded  by  them  of  those  I saw  in  the  year  1845  in  Torres 
Straits  (see  Voyage  of  //.  J/.  #S'.  Fly^  voL  i.,  p.  204).  Several  islands 
there,  of  which  the  native  names  are  Erroob,  Maer,  Dower,  and  Waier, 
rising  to  heights  of  600  and  700  feet  above  the  coral  reefs  by  which 
they  are  surrounded,  are  composed  partly  of  dark  lavas  and  piirtly  of 
very  regularly  stratified  volcanic  sandstones  and  conglomerates,  such  as 
we  now  cull  “ ash.”  These  contained  many  rounded  pebbles  of  lime- 
stone, appai*ently  derived  from  the  coral  rock*  through  which  the 

* Althongh  those  ronntle<l  lumps  of  limestone  In  the  “ ash”  of  the  extinct  volcanic  islands 
of  Torres  Straits  looked  very  like  the  coral  rock,  it  could  not  be  certainly  proved  that 
they  were  so.  The  islands  had  suffered  a good  deal  from  erosion  and  denudation,  no  actual 
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eruptions  luul  taken  place,  and  tlie  lava  pebbles  were  often  bound 
together  by  strings  of  calcareous  cement,  like  those  of  Limerick.  The 
beds  of  volc.;inic  conglomerate  in  the  Torres  Straits  ishuids  are  certainly 
highly  inclined,  with  a qiuupiaversal  dip  from  their  centres,  while  the 
coral  reefs  around  them  are  hori/amtal,  and  so  far  they  do  not  agree 
with  the  old  Limerick  rocks,  in  which  the  beds  of  both  are  confonuable 
to  each  other. 

But  it  is  to  be  recollected  that  in  Limerick  we  have  none  of  the 
Hubaerial  islands  or  cones  preservwl,  even  if  any  such  were  fonned,  but 
only  the  submarine  beds  that  were  dei)Osited  round  the  volcanic  vents. 
When  the  coral  reefs  come  to  be  elevated  into  dry  land,  and  partly 
denuded,  be<ls  of  “ash”  may  verv'  likely  be  found  horizontally  inter- 
siratified  with  beds  of  coral  limestone,  or  other  marine  deposits,  in  the 
jmrts  w'hich  are  now  deep  beneath  the  sea-level. 

Ansociation  of  Fehtone.  and  Greenstone. — In  some  of  the  Lower 
Silurian  trap  districts  of  North  Wales  and  Ireland,  I have  occa.sionally 
been  .struck  with  the  a.ssociation  of  felstone  and  greenstone,  it  being 
rare  to  find  any  considerable  mountain  mass  of  felstone  without  irre- 
gular patches  of  crv'stalline  greenstone  di.sseminated  about  it.  Tlie 
irregular  outline  of  these  gi-eenstone  patches  gave  them  the  appearance 
of  being  subsequently  intnisive  into  the  felstone,  but  the  frecjuent  »is.so- 
ciation  of  the  tw’o  has  sometimes  led  me  to  speculate  on  the  possibility 
of  the  tw'o  rocks  having  been  part  of  the  same  molten  mass,  and  luiving 
settletl  or  segregated  ajiart  from  each  other  on  the  cooling  of  the  wiiole. 
The  variety  in  the  trips  of  the  Limerick  district,  and  the  difficulty  in 
tracing  any  distinct  line  of  demarcation  between  tho.se  different  kinds, 
leails  us  tow’anls  a .similar  conclusion.  There  seems  no  very  cogent 
n*a.son  why  w'e  should  neces-sarily  supj>ose  the  whole  of  any  molten 
mass  to  have  been  completely  homogeneous  ; but  gnmting  tliat  it  was 
so,  is  it  not  possible  that,  when  a lai’ge  ma.s.s  of  trap  commences  to  cool, 
a sejiaration  may  take  place  among  its  ingredients,  and  one  more 
fusible  portion  of  it  may  be  .segregateil  from  the  rest,  and  thus  one  or 
more  local  centres  might  be  established,  into  which  the  greater  portion 
of  the  more  fu.sible  ba-ses  (silicates  of  lime  luul  iron)  should  be  concen- 
trated ] The.se  local  j^atches,  on  the  ultimate  complete  refrigenition  of 
the  whole,  would  fonn  some  variety  of  greenstone,  while  the  n*st  of  the 
ma.ss  would  be  more  jnirely  feldspathic.  They  even  retain  their 

fluidity  for  a greater  time  than  the  rest,  and  during  its  C(»oling  and 

fouc  with  interna!  craU'r  remaining,  though  their  out.si(le  clifTs  wore  not  so  lofty  or  preeipi- 
t*ms  a.s  tlio.se  of  8t.  I’anl’s  Islaiul,  in  tlie  8outh  Indian  Ooean,  of  wliieh  the  central  crater 
still  remains,  and  still  c.xhibit.s  signs  of  the  remains  of  activity  in  the  hot  water  that  trickles 
over  the  stones  of  the  beach.  Tlie  Torres  Straits  islands  had  doubtless  been  much  protected 
yroiii  marine  denudation  by  the  summiiding  coral  reefs,  and  had  sutfored  chiefly  from  atmo- 
lipheric  wa.sto.  St.  I’aui's  has  always  been  exposed  to  tlie  unbroken  swell  of  the  Indian 
Uccan. 
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consequent  contraction,  they  might  perhaps  he  squeezed  in  various 
directions  into  its  fiasures,  and  then  consolidate  more  rapidly  tlian  the 
mass  had  done,  tuid  thus  accjuire  a ditl'ereut  texture,  as  well  as  a different 
composition. 

Tra'p  Difkes  and  Veins. — Veins  and  dykes  of  tiap  are  so  common 
among  all  kinds  of  rock,  that  it  is  unuecessiiry  to  dwell  on  them  at 
greixt  length. 

One  of  the  most  remarkable  examples  of  a trap  dyke  anywhere  in 
the  world  perhaps,  is  the  one  so  well  known  in  the  north  of  England  as 
the  Cockfield  Fell  dyke,  a nearly  vertical  wall  of  trap,  18  or  20  yards 
thick,  which  runs  in  a nearly  straight  line  from  north-west  to  south- 
east, for  a distance  of  about  70  miles,  cutting  through  all  the  rocks  from 
the  Coal-measures  into  the  low’er  Oolites,  and  baking  the  Lias  and  every 
other  rock  it  meets  with  for  a distance  of  some  yaixls  from  its  sides. 
Its  effect  on  one  of  the  coal  bexls  under  Cockfield  Fell,  is  well  described 
by  Mr.  Witham  in  the  Transactions  of  the  Natural  History  Society  of 
Newcastle,  vol.  ii.,  p.  343.  Tlie  coal,  I believe,  is  originally  about  6 or 
8 feet  thick,  one  of  the  principal  bituminous  coals  of  the  district  In 
approaching  the  dyke,  it  begins  to  be  affected  at  a distance  of  50  yanls 
from  it ; it  fii-st  loses  the  adcareous  spar  which  lines  the  joints  and 
faces  of  the  coal,  and  begins  to  look  dull,  grows  tender  and  short,  and 
also  loses  its  quality  for  burning.  As  it  conies  nearer  it  assumes  the 
appearance  of  half-burnt  cinder,  and  approaching  still  nearer  the  dyke, 
it  grows  less  and  less  in  thickness,  becoming  a pretty  haitl  cinder  only 
2 feet  6 inches  in  thickness.  Eight  yards  further  it  is  converted  into 
real  cinder,  and  more  immediately  in  contact  with  the  dyke,  it  becomes 
by  degrees  a black  substance,  called  by  the  miners  “ dawk,”  or  “ swad,” 
resembling  soot  caked  together,  the  seam  being  reduced  to  f)  inches  in 
thickness.  There  is  also  a large  portion  of  pyrites  lodged  in  the  loof  of 
that  part  of  the  seam  which  has  been  reduced  to  cinder. 

The  South  Staftordshire  coalfield  is  full  of  such  dykes  and  veins, 
especially  about  the  foot  of  the  llowley  Hills,  which  are  capped  by 
columnar  basalt.  Fig.  98  is  an  example  of  one  of  these  in  the  Grace 
Mary  Colliery,  belonging  to  Dr.  Percy,  which  was  c^irefully  drawn  to 
scale  with  a measuring  tape.  It  represents  about  100  yards  of  the  side  of 
one  of  the  gate  roads  cut  in  working  the  Tenyard  coal  ; that  coal  being 
at  one  part  partially  replaced  by  a white  sandstone  with  Carbonaceous 
veins,  which  is  called  by  the  colliers  “ rock  and  rig.”  Both  coal  and 
sandstone  were  traversed  by  the  trap,  which  was  also  white.  It  is  the 
trap  which,  as  previou-sly  mentioned  at  p.  79,  was  found  on  analysis 
by  Mr.  Henry  to  contain  9.32  per  cent  of  carbonic  acid,  and  11.01  per 
cent  of  water,  l>eing  probably  an  altered  form  of  the  greenstone  below  ; 
some  of  the  silicates  of  the  original  trap  having  become  partially  con- 
verted into  carbonates,  and  hydrated. 

P 2 
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The  coal  is  also  altered  by  the  presence  of  the  trap,  since  in  its 
vicinity  it  has  lost  its  bright  lustre  and  its  regular  “ face,”  has  parted 
with  much  of  its  bituminous  or  inflammable  character,  and  more  nearly 
resembles  anthracite  than  bituminous  coal,  though  diftercnt  from  l>oth, 
being  often  full  of  concretions  of  iron  pyrites,  or  of  citrbonate  of  lime, 
or  other  minerals.  In  the  language  of  the  colliers,  the  coal  is  said  to 
be  “ blacked,”  and  to  be  “ brazil,”  or  brassil,”  and  consequently  not 
worth  the  trouble  of  “ getting.” 


a 

h 
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Fig.  98. 

a,  “ Wltite  rock,”  trap.  b,  Altered  cooL  c.  Sandstone. 

See  “ Geology  of  South  Staffordshire  Coalfield,”  in  which  other  ex- 
amples are  given,  shewing  in  some  places  that  the  alteration  of  the 
coal  ha.s  proceeded  but  a vaiy  slight  distance  from  the  trap,  sometimes 
not  more  thxm  a few  inches. 

The  limestone  of  the  county  Limerick  is,  in  like  manner,  but  very 
little  altered  even  in  those  places  where  beds  of  trap  have  flowed  over 
it,  or  intrusive  masses  come  in  direct  contact  wdth  it 

Plateaux  of  Basalt. — Basalt  is  rarely,  if  ever  found  as  an  imder- 
lying  rock,  and  not  often  as  an  intrusive  sheet  It  occurs  commonly 
either  as  a dyke  or  as  an  overlying  mass.  One  of  the  most  celebrated 
plateaux  of  basalt  is  that  on  the  north-east  of  Ireland,  covering  almost 
the  whole  county  of  Antrim  \nth  a mass  which  is  in  some  places  900 
feet  tliick,  and  50  miles  long  by  30  wide,  or  about  1 200  s<iuare  miles 
in  area  The  basalt  occurs  in  many  partial  and  interrupted  sheets,  or 
flow's,  some  of  w'hich  are  quite  amorphous,  either  compact  or  amygda- 
loidal,  wliile  others  are  beautifully  columnar  ; one  of  the  columnar 
beds  dipping  gradually  into  the  sea  on  the  north  coast  is  knowm  as  the 
Giant’s  Causew’ay.  On  the  north-east  coast  of  Antrim,  the  basalts  are 
interstrati  fled  with  several  widely-spread  beds  of  basaltic  ash,  some  of 
which  are  locally  knowni  as  “ red  ochre  ” beds  ; others  fonii  a kind  of 
clay  or  wack4.  Beds  of  lignite  al.so  occur  in  thin  beds  of  clay,  derived 
probably  from  other  sources. 

The  ba.salt  itself  is  often  traversed  by  dykes,  each  of  which  is 
probably  the  feeder  from  which  some  overlying  bed  of  basalt  was 
poured  out  Tliese  dykes  are  still  more  numerou.s,  or  are  more  readily 
observable  in  the  chalk  and  other  beds  below  the  basalt,  w'hich  crop 
out  round  the  basaltic  area.  They  vary  in  width  from  2 or  3 feet, 
to  8 or  10  yards,  and  are  traceable  sometimes  for  several  miles  in 
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straight  lines,  several  adjacent  ones  being  parallel  to  each  other.  The 
dykes,  however,  and  some  of  the  larger  masses  are  often  more  coarsely 
crystalline,  and  would  be  called  greenstone  rather  than  basalt  The 
metamorphic  action  of  these  dykes  is  well  known.  The  chalk  in  contact 
with  them  is  changed  into  a coarsely  crystalline  marble  in  some  places, 
in  others  into  a grey  splintery  limestone  like  much  of  the  Carboniferous 
limestone.  Some  of  the  flints  are  reddened,  and  the  soft  greensand  is 
turned  into  a hard  red  gritstone,  {See  Catalogue  of  Rock  Specimens^  in 
Museum  of  Iri.sh  Industry,  Dublin.) 

The  Iwusalt  of  the  west  of  Scotland  is  likewise  beautifully  columnar, 
as  at  Fingall’s  Cave  and  other  places,  while  that  of  Arthur’s  Seat  is 
massive,  and  often  crystalline,  shewing  distinct  crystals  of  olivine,  and 
being  highly  magnetic  from  the  abundance  of  magnetic  oxide  of 
iron. 

The  ash  associated  with  the  basalt  of  the  Calton  Hill  Ls  very 
admirably  exhibited  on  all  sides  of  it. 

The  greenstone  of  Salisbury  Crags  has. greatly  altered  and  indur.iltsl 
the  gritstone  below  it  (one  of  the  carboniferous  sandstones)  which  is 
converted  into  a kind  of  quartz  rock.* 

It  is  probable  that  all  these  basalts  and  greenstones  were  of  sub- 
marine formation,  but  the  lower  part  of  many  lava  streams  proceetling 
from  subaerial  volcanoes,  or  at  all  events  from  volcanoes  which  are  now 
subaerial,  are  as  regularly  columnar  basalt  as  the  Giant’s  Causeway 
itself. 

* Professor  Edward  Forbes  had  conceived  the  Idea,  which  has  lately  been  completely 
confirmed  by  Mr.  Geilde  of  the  Oeoloirical  Survey,  that  the  igneous  rocks  around  E<iinburgh 
belonged  to  two  very  different  periods,  the  one  jMirt  probably  Carboniferous,  and  the  other 
much  more  recent,  probably  Tertiary,  perhaps  contemporaneous  with  the  Miocene  (?)  basalts 
of  the  north  of  Ireland  and  the  west  of  Scotland,  Mr.  C.  Maclaren  had,  however,  antici- 
pated Forbes  in  these  conclusions.  See  Mtftna.  Geol.  Surv.  Geology  of  country  around  F/din- 
burgh,  by  Messrs.  Howell  and  Oeik>e. 
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VOLCANIC  ROCKS. 

Form  and  Mode  of  occurrence  of  Volcanic  Rocks. — All  volcanic 
masses  formed  in  shallow  water  or  on  diy  land,  all  those  in  fact  which  we 
are  able  to  examine,  assume  a more  or  less  perfect  conical  form.  Beds 
of  cinders  and  ashes  varying  from  large  blocks  down  to  the  finest  and 
most  impalpable  powder,  are  deposited  round  a central  orifice  on  slopes 
which  are  steepest  nearest  the  orifice,  and  approach  nearer  to  the 
horizontal  os  they  recede  from  it.  Streams  of  lava  having  issued  from 
the  centnd  orifice,  or  broken  out  at  some  lower  point  in  the  sides  of 
the  pile,  and  sometimes  broken  one  side  of  it  down,  spread  wider  and 
wider  round  its  foot,  or  over  the  flat  land  about  it. 

When  the  original  conical  pile  acquires  a great  size,  lateral  orifices 
or  craters  are  formed  about  its  flan^,  and  produce  little  secondary 
cones  which  often,  as  in  iStna,  stud  the  sides  of  the  main  mountain  in 
all  directions  with  minor  hUls. 

Sometimes  a row  of  cones  is  formed  along  a certain  line  of  country, 
without  any  central  dominant  cone,  and  sometimes  two  or  more  neigh- 
bouring cones  grow  to  nearly  equal  mass,  and  are  then  buried  under 
the  accumulations  of  one  of  ^ them,  which  either  temporarily  or  perma- 
nently assumes  the  superiority. 


Ideal  section  throngh  Volcanoee. 

Fig  99  may  be  taken  as  a rough  diagrammatic  idea  of  the  mode  of 
formation  of  volcanic  cones  and  craters,  the  parts  marked  by  vertical 
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lines  representing  the  lava  flows,  and  the  other  lines  the  acciiniulatiou 
of  beds  of  ash,  including  under  tliat  term  all  ejected  matters  except  the 
lava  flows.  In  reality,  the  structure  will  almost  always  be  much  more 
complicated,  the  minor  cones  and  lateral  vents  being  greatly  more 
numerous,  and  the  whole  traversed  in  all  directions  by  ramifying  dykes 
and  veins  of  lava,  with  lateral  funnels  or  feeders  for  some  of  the  lateral 
cones  branching  from  the  main  vertical  pipes. 

The  volcanic  ejections  are  sometimes  confined  to  one  portion  of  a 
country,  like  ^Etna  in  Sicily,  w’here  the  volcanic  rocks  make  a single 
gently  swelling  mountain,  30  miles  wide  at  its  base,  and  10,960  feet 
high  at  its  summit.  In  other  cases,  such  as  Java  for  instance,  an  island 
600  miles  long,  numerous  volcanoes  become  confluent  in  some  parts  so 
as  to  form  continuous  moimtain  ranges  of  6000  or  8000  feet  in  height, 
and  30  miles  in  length,  with  craters  in  their  higher  and  centnd  parts, 
like  the  Bromo,  and  great  symmetrical  cones  of  1 1 ,000  or  1 2,000  feet, 
as  Seniini  and  Aijuno,  rising  at  intervals  from  the  main  mass  of  the 
range.  Smaller  debiched  cones,  such  as  Lamongan,  rise  from  the  adjacent 
plains  with  an  elegant  sweep,  to  heights  of  3000  or  4000  feet.  Java 
contains  no  fewer  than  thirty-eight  volcanic  cones  of  the  first  magnitude, 
the  range  being  continued  into  Sumatra  on  the  one  side,  with  several 
cones  of  11,000  or  12,000  feet,  and  through  Bali,  Lombock,  and  Siun- 
bawa  on  the  other  hand,  each  with  great  volcanoes,  that  of  Lombock 
being  more  than  11,000  feet*  high.  The  volcanic  chain,  with  many 
cones  of  equal  or  greater  magnitude,  runs  from  these  islands  northward, 
through  those  that  fringe  the  eastern  coast  of  Asia,  and  crossing  into 
America,  is  continued  down  the  whole  of  its  western  coast  from 
Behring’s  Straits  to  Terra  del  Fuego. 

Tl)e  Asiatic  volcanic  islands,  like  those  of  the  Atlantic,  shew 
evident  proofs  of  their  ha\dng  been  elevated  bodily  since  the  volcanic 
action  commenced,  so  as  to  exhibit  a part  of  their  old  submarine  roots, 
where  the  igneous  are  interstratified  with  sheets  of  ariueous  rocks.  The 
Andes  of  South,  and  the  Cascade  or  coast  ranges  of  North  America,  have 
been  still  further  lifted  up,  so  that  their  bases  now  form  continuous  dry 
land  from  Kussian  America  on  the  north,  down  to  the  Archipelago  of 
Tierra  del  Fuego  on  the  south,  in  which  latter  part  the  bases  of  the 
moimtains  are  still  partially  submerged. 

When  the  volcanic  activity  fimdly  ceases  in  any  district,  sub- 
mergence may  ensue,  and  if  it  be  very  slow  and  gradual,  denudation 
will  take  place  both  during  the  submergence  and  during  subsequent 
re-elevation,  so  that  all  the  old  conical  piles  of  more  or  less  loose  and 
incoherent  materials  wdll  be  destroyed,  and  their  materials  ground^down 
and  swept  far  away  to  distant  localities.  Hence  it  is  impossible  that 

• Ttii-s  altitude  was  dctcnnined  by  Mr.  F.  J.  E\’an8,  formerly  of  H.M.S.  Fly,  as  she 
sailed  under  Captain  Blackwood,  through  the  Straits  between  Lombock  and  Sumbawa. 
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we  should  ever  find  volcanic  cones  preserved  among  the  older  rocks, 
where  we  have  merely  so  much  of  the  hard  volcanic  roots,  or  trappean 
rocks,  as  may  not  have  been  destroyed  by  denudation. 

Lavas  differ  from  traps  partly  in  mineral  character,  such  as  the  oc- 
currence of  augite  instead  of  hornblende,  and  of  labradorite  or  anorthite 
instead  of  orthoclase,  etc.,  but  principally  in  the  texture  and  form  of  the 
rocks,  rather  than  their  composition. 

True  lavas  have  always  been  poured  out  either  on  the  dry  land,  or 
in  shallow  water,  forming  regular  flows  or  “ couldes”  of  molten  rock. 
Cooled  under  these  circumstances,  the  upper  surface  of  a lava  stream  is 
generally  quite  porous  and  vesicular  from  the  escape  of  the  gases  pent 
up  within..  The  upper  portion  of  such  a bed  consists  of  loose  blocks  of 
cinders  of  all  sizes,  from  rough  masses  of  two  or  three  feet  in  diameter, 
to  those  of  as  many  inches.  It  has  been  likened  to  a mass  of  clinkers, 
slags,  and  cinders,  from  a huge  foundry.  Tlie  far  end  of  a still  flowing 
lava  stream  has  been  described  as  a slowly-moving  mass  of  loose  porous 
blocks,  gradually  rolling  and  tumbling  over  each  other  with  a loud 
rattling  noise,  giving  evidence  of  the  pressure  of  a viscid  mass  of  cooling 
lava  Avithin.  The  upper  end  of  a lava  stream,  where  it  issues  perfectly 
fluid  from  the  intense  heat  of  the  volcanic  orifice,  moves  much  more 
rapidly. 

All  rock  is  a bad  conductor  of  heat,  so  that,  when  once  a lava  stream 
acquii-es  a cooled  crust,  the  mass  within  may  remain  glowing  hot  for  a 
considerable  period  of  time.  We  are  told  of  persons  wadking  about  on 
the  cooled  surface  of  a lava  stream,  while  able  to  roast  eggs  or  light 
cigars  in  the  cracks  and  crevices  of  the  crust.  Caverns  are  sometimes 
formed  in  lava  streams  by  the  sudden  escape  of  the  molten  mass  below, 
leaving  the  cooled  crust  standing  like  the  roof  of  a tunnel. 

In  such  a mass,  it  is  obvious  that,  while  the  upper  surface  was  light, 
porous,  and  cindery,  the  lower  portion,  cooling  much  more  slowly,  and 
under  pressure,  might  be  solid,  compact,  or  crystalline.  As  a matter  of 
fact,  wherever  old  lava  streams  have  been  cut  into,  either  naturally  or 
artificially,  and  their  lower  portions  laid  open  to  our  inspection,  we  find 
the  vesicular  character  of  the  upper  surface  gradually  but  rapidly  dis- 
appearing below,  and  the  rock  passing  quickly  into  a hard,  compact 
stone,  often  columnar,  and  frequently  quite  ciy'stalline. 

The  homblendic  or  augitic  lavas  more  readily  assume  the  columnar 
form  than  the  feklspathic  lavas  or  trachytes,  wliich,  however,  on  the 
other  hand,  are  often  much  more  highly  crj’stalline  than  the  augitic 
dolerites  or  basalts. 

The  lower  parts  of  many,  lava  streams  are  not  to  be  distinguished 
by  any  internal  characters  (and  probably  not  by  any  differences  in 
chemical  comi>o8ition)  from  columnar  basalt 

Many  old  basalts,  indeed,  which  are  ordinarily  considered  as  trap- 
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pean  rocks,  may  have  had  a porous  cindery  upper  surface  at  the  time 
of  their  formation,  that  surface  having  been  subsequently  washed  away 
by  denudation. 

(Craters  of  Elevation. — Humboldt  in  his  traveLs  in  New  Spain 
gives  a description  of  the  volcanic  mountain  of  Jorullo,  and  attributes 
its  formation  to  the  fact  of  the  ground  “ having  swollen  up  like  a 
bladder.”  He  derived  his  information  apparently  from  the  native 
inhabitants,  who,  even  supposing  their  words  to  have  been  rightly 
understood,  might  readily  have  used  such  expressions  without  any  strict 
warrant  from  the  facts  of  the  case.* 

Von  Buch  seems  to  have  taken  from  this  description  a notion  that 
most  volcanic  cone.s  and  craters  were  thus  formed,  and  to  have  allowed 
his  mind  to  be  so  waq>ed  by  this  preconception,  that  in  his  subse<iuent 
observations  he  only  perceived  facts  through  its  distorting  medium.  He 
also,  together  with  Elie  de  Beaumont  and  Dufrenoy,  adopted  the  curious 
notion  that  lava  could  not  congeal  and  solidify  on  slopes  greater  than 
4°  or  6°.  These  novel  ideas  coming  recommendc^d  by  such  liigh 
authorities  were  blindly  accepted  by  many  geologists  even  of  the 
greatest  reputation,  and  are  by  some  British,  and  many  foreign, 
geologists,  even  yet  entertained.  They  have,  however,  been  completely 
exploded  by  the  recent  publications  of  Sir  C.  Lyell,  Mr.  Poulett  Scupe, 
and  others,  and  if  still  retained  by  any  persons,  must  be  kept  from 
habit  and  reverence  for  authority,  and  not  from  personal  knowledge  of 
facts.  {See  Sir  C.  Lyells  Manual  and  Principles^  and  his  Paper  on  the 
Structure  of  Lavas  and  jEtneij  in  Phil.  Trans.,  vol.  cxlviii.,  par.  2,  and 
Mr.  Scup^s  Papers,  in  Journal  (Jeol.  Soc.,  vol.  xii.,  p.  326,  and  vol.  xv., 
p.  505. 

Peal'  of  Teneriffe. — When  I paid  a hasty  visit  to  the  summit  of 
the  Peak  of  Teneriffe  with  Captain  Blackwootl,  and  some  of  the  officers 
of  H>M5.  Fly,  in  May  1842,  1 had  no  previous  knowledge  of  volcanic 
<listricts,  and  had  not  paid  any  attention  to  the  theory  of  elevation- 
craters.  When,  after  ascending  the  mountain  to  the  heiglit  of  about 
9000  feet,  we  rode  across  the  plateau  called  the  “ pumice  plains,” 
towards  the  sunmiit  cone  which  rises  from  one  corner  of  them,  I could 
not  fail  of  being  stmck  by  the  circle  of  broken  precipices  surrountling 
the  plateau.  The  ravines  which  cut  through  that  surrounding  wall 
shew  the  outer  slope  of  the  rude  beds  composing  it,  and  the  note  I find 
in  my  journal  respecting  them,  is  the  following  : — “ This  plain  is 

* Every  one  who  has  been  accustomed  to  glean  information  as  to  physical  phenomena  from 
persona  not  trained  to  observe  them,  or  not  having  naturally  great  powers  of  exact  obser- 
vation, must  be  aware  how  vague  and  deceptive  are  the  terms  they  frequently  use.  I have 
had  geological  facts  described  to  me,  even  by  educated  men  belonging  to  learned  professions, 
in  terms  which  subsequent  observation  shewed  me  to  be  ridiculously  inapplicable,  and 
sometimes  conveying  ideas  the  exact  opposite  of  the  truth. 
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bounded  in  some  places  by  an  entire  wall  of  rock,  in  others,  by  broken 
and  crag*^'  hills,  as  if  it  had  once  been  the  interior  of  some  enonnous 
cone,  of  which  these  were  ojily  the  ruined  fragments.” 

On  subsequently  residing  Von  Buch’s  accoimt  of  the  Canary  Islands, 
I was  greatly  surj)rised  to  find  that  he  supposed  this  circular  wall,  with 
its  outwaixl  sloping  beds,  to  have  acquired  its  height  and  position  from  a 
central  action  of  elevation  subse(juent  to  the  deposition  of  the  beds.  So 
far  as  I had  obser\'ed  there  was  no  warrant  for  such  a supposition.  It 
was  clear,  indeed,  that  the  whole  i.sland  had  been  elevated  since  the 
volcanic  action  had  commenced,  because  I had  .seen  in  the  sides  of  a 
raxiiie  near  Siuita  Cruz,  horizontally  and  regularly  stratified  beds  of 
volcanic  sand,  and  pebldes  that  seemed  certainly  to  have  been  arranged 
under  water  (see  plate  xii.  in  Popular  Physical  Ocoloyy),  but  then 
these  beds  remained  horizontal,  proving  the  elevation  to  have  been 
a general  one,  lifting  the  whole  sea  bottom  without  tilting  the  beds 
in  any  direction. 

Island  of  St.  Paul. — We  subsequqntly  visited  the  little  volcanic 
i.sland  of  St.  Paul’s,  in  the  centre  of  the  South  Indian  Ocean,  of  which  a 
chart  con.structed  by  Mr.  Evans,  Master  of  the  Fly,  wa^  afterwards  pub- 
lished by  the  Atbniralty.  This  i.sland  is  three  or  four  miles  across, 
xvTith  a flat  topped  cuiwed  ridge,  820  feet  high,  nearly  surroimding  a 
circular  crater  into  which  the  sea  now  flows  from  one  side,  and  which, 
at  the  sea  level,  is  almost  half  a mile  in  diameter.  From  the  summit 
of  the  circular  ridge  the  ishind  slopes  gently  down  towards  the  sea  on 
all  sides  except  the  east,  where  there  are  vertical  clifls  formed  by  the 
sea  having  cut  into  the  centre  of  the  original  i.sland,  .«o  as  to  gain  access 
to  the  centre.  On  the  south  side  of  the  entrance,  the  wall  bounding  the 
crater  was  excessively  thin,  vertiad  on  the  outside,  and  sloping  steejdy 
on  the  inside,  so  that  it  must  shortly  be  removed  entirely,  and  all  that 
side  of  the  crater  laid  open  to  the  sea.  The  entrance  was  not  more 
than  1 00  yanks  wide,  and  only  just  deep  enough  for  a boat,  but  in.side  there 
was  a depth  of  30  fathoms  in  the  centre  of  the  cniter,  with  a bottom  of 
black  mud.  Tliis  funnel-shaped  pool  was  suirounded  on  all  sides  but 
one  by  the  ring  of  high  land  before  mentioned,  the  inside  slope  of 
which  was  ])recipitou.s  near  the  top,  but  hatl  a steep  talus  of  rubbish 
clothed  with  coarse  gniss  below.  At  several  part.s  of  the  beach,  hot 
smoking  water  trickled  through  the  .stones,  having  at  one  place  a 
temperature  of  138*^  F.,  and  at  another,  one  of  150°  F.,  while  the 
temperature  of  the  water  in  the  crater,  both  at  the  surface  and  at  the 
bottom,  wtus  precisely  that  of  the  sea  outside,  namely  54°  F.  (Tliis 
was  on  Ahgust  5th,  1842.)  A bank  of  soundings  stretched  off  the 
eastern  side  of  the  i.sland  for  a distance  of  nearly  a mile,  and  a tall 
detached  pinnacle  of  rock  rose  from  this  near  the  entrance  to  the  crater. 
This  bank  was  evidently  the  base  from  which  the  rocks  that  once  sur- 
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rounded  the  crater,  and  completed  the  island  on  this  side,  had  been 
removetl,  all  except  the  pinnacle  al>ove  mentioned. 

The  island  seemed  wholly  composed  of  dark  lava  in  irregular  beds, 
with  beds  of  sand,  ashes,  and  blocks,  vaiying  from  black  to  red  and 
cream-coloured.  They  dipped  but  slightly  outwards,  and  at  one  part 
seemed  to  dip  inwards  or  towanls  the  crater. 

Another  volcanic  island,  called  Ajusterdam,  rises  some  60  miles  to 
the  north  of  St.  Paul’s,  these  being  the  only  spots  of  laud  in  these  lati- 
tudes between  Africa  and  Australia, 

Crater  of  the  Bromo. — In  November  1844  I had  an  opportimity  of 
\dsiting  the  crater  of  the  Bromo  in  Java  This  is  in  the  centre  of  a 
rugged  and  broken  mountain  range  called  the  Teng’ir,  rising  in  some 
parts  to  upwards  of  8000  feet  above  the  sea,  and  stretching,  as  before 
mentioned,  in  a cun’ed  line  between  the  noble  cones  of  the  Semiru  and 
Ajjuno,  so  as  to  include  the  beautiful  valley  of  Malang  in  a semi- 
circular sweep.  This  moimtain  mass  is  all  volcanic,  greatly  covered 
externally  by  fine-grained  dust  and  ashes,  enclosing,  however,  solid 
crystalline  lava  rocks  below.  Its  sides  are  furrowed  in  every  direction 
by  ravines  with  narrow'  ridges  betw’een  them,  the  whole  clothed  with 
magnificent  forests ; tall  pine-like  casuarinas  cresting  the  ridges  up  to 
a height  of  6000  or  7000  feet. 

In  about  the  central  part  of  this  range,  on  the  summit  of  its  most 
massive  part,  is  a crater  four  or  five  miles  wdde  siurounded  by  a ring 
of  precipices  varying  from  200  to  1200  feet  hi^i.  In  the  centre  of 
this  great  crater  rises  a rude  cone  studded  all  over  wth  minor  cones, 
some  of  the  craters  of  which  are  continually  belching  out  smoke  and 
steam,  and  sometimes  ashes  and  hot  stones.  Others  are  covered  with 
wood,  and  the  sides  of  this  conical  mass  are  furrow'ed  with  rarines  like 
the  external  slopes  of  the  mountain,  except  in  those  parts  where  the 
ejected  a.shes  have  been  quite  recently  deposited.  The  space  between 
the  foot  of  this  smaller  central  conical  mass  and  the  surrounding 
precipitous  wall  is  often  more  than  a mile  in  width  and  is  covered  with 
fine  siuid  and  known  by  the  name  of  the  “ Laut  ])asir”  or  sandy  sea. 
The  surrounding  wall  seemed  quite  unbroken,  for  we  hafl  to  ride  round 
the  summit  of  half  of  one  side  of  it  by  a narrow  and  giddy  path,  in 
order  to  take  advantage  of  a sort  of  buttre.ss-like  ridge,  apparently 
made  of  fallen  fragments,  to  gain  access  to  the  interior,  and  on  the 
other  side  the  path  at  tw’o  places  le<l  by  sharj>  zigzags  up  the  side  of  the 
precipice.  These  paths  seemed  to  be  the  only  modes  ^of  communication 
between  the  villages  on  the  outside  of  the  mountains,  some  of  which 
are  places  of  great  resort. 

HorizonUd-looking  beds  of  hard  trachytic,  sometimes  porphyritic, 
lava  w'ere  visible  in  the  face  of  the  surrounding  precipice,  which,  how  - 
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ever,  though  they  looked  horizontal  when  ^^ewed  from  the  interior, 
might  have  easily  dipj>ed  outside  down  the  mountain. 

It  seemed  to  me  perfectly  impossible  that  such  a crater  as  the  one 
I have  here  described  could  be  formed  by  an  action  of  central  elevation. 
On  the  other  hand,  looking  at  the  grand  cone  of  Seniini,  which  rose  a 
few  miles  to  the  south-west,  it  was  obvious  that  it  only  required  the 
upper  3000  feet  of  that  lofty  pile  to  lie  removed,  either  blown  into  the 
air,  or  imdermined  and  engulphed  in  the  central  cavity  of  the  moun- 
tain, for  an  exact  repetition  of  the  Bromo  to  be  produced. 

I fully  believe,  thei-efore,  from  all  I have  read  or  have  myself 
observed,  that  the  crater-elevation  hyjjothesis  is  entirely  unsui>ported 
by  fact,  and  even  more  than  that,  for  I have  lately  seen  reason  to  doubt 
the  physical  possibility  of  its  occurrence,  as  will  appear  in  the  ensuing 
chapter. 

Dykes  and  Veins  of  Lara. — Just  as  among  the  trap  rocks  we 
found  dykes  and  veins  frequent,  seeming  sometimes  to  be  the  mere 
extensions  of  the  mass  below  into  the  cracks  and  crevices  of  the  rocks 
above  or  around  it,  sometimes  apparently  the  feeders  of  overhung 
masses,  so  we  find  volamic  cones  and  the  surrounding  districts  pene- 
trated in  every  direction  by  dykes  and  veins  of  compact  lava,  serving 
often  to  bind  together  or  to  support  the  otherwise  rather  incoherent 
materials ; and  we  must  be  aware,  although  we  cannot  see  it,  that 
eveiy  lava  stream  has  its  central  pipe  or  feeder  in  the  interior  of  the 
mass  from  which  it  proceeds.  It  is  prol)able  that,  both  in  the  case  of 
traps  and  lavas,  the  size  of  the  feeders  often  bears  but  a small  propor- 
tion to  the  mass  of  the  overlying  rocks  that  proceeded  from  them. 

It  is  not  absolutely  necessary,  in  the  case  of  a volcanic  cone,  that 
the  flow  of  lava  and  the  central  pipe  or  feeder  should  remain  in  con- 
nection, and  cool  and  consolidate  together ; for  when  the  lava  ceased 
to  be  impelled  so  as  to  flow  over  the  crater,  the  portion  left  in  the 
fimnel  iniglit  sink  do^vn  and  i>erhaps  ultimately  cool  and  consolidate  at 
a considerable  distance  below,  and  might  possibly  make  even  a difl’erent 
kind  of  rock  from  the  ejected  mass. 

Tliis  may  sometimes  occur  also  among  trap  rocks,  since  it  is  quite 
easy  to  conceive  that  an  overljung  mass  or  an  injected  bed  might  be 
deserted  by  its  feeder  on  the  internal  impelling  power  being  witlulrawn, 
and  the  orifice  by  which  it  rose  might  be  closed,  so  that  two  masses  of 
rock  may  be  formed  at  different  phases,  and  possibly  of  rather  different 
character,  though  once  perhaps  actually  fonning  part  of  the  same 
molten  nuiss. 

Lj^ell  describes  the  numerous  dykes  which  traverse  the  sides  of  the 
great  valley  scooped  out  of  one  side  of  Etna,  called  the  Val  del  Bove, 
and  numerous  instances  are  figured  by  Walterhausen  in  his  magnificent 
work  on  Etna,  of  dykes  of  lava  traversing  beds  of  turf  and  ash,  both 
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vertically  and  horizontally,  the  latter  being  often  shewn  to  have  been 
intruded  dykes  by  their  bifiu'cation. 

E\'ery  volcanic  district  which  has  been  laid  open  by  denudation 
exhibits  similar  facts.  The  cliffs,  for  instance,  along  the  south  coast  of 
Madeira,  west  of  Funchal,  expose  numerous  dykes  traversing  the  beds 
of  tuff  exposed  therein.  The  following  figures,  100  and  101,  were 


sketched  from  the  deck  of  H.  M.  S.  Fly,  as  we  sailed  close  in  along  this 
coast  in  April  1842.  Fig.  100  exhibits  in  one  cliff  i>ortions  of  beds  of 
lava,  some  of  them  columnar,  interstratified  with  tabular  laminated  beds, 


against  the  denuded  edges  of  which  pale  cream-coloured  beds  had  been 
deposited  in  an  inclined  position,  as  shewn  in  the  left  hand  comer  of 
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the  sketch,  ^4th  two  gray  dykes  cutting  across  these  beds.  Fig.  101 
shews  several  veins  or  dykes  of  a hard  gray  lava  rock  cutting  through 
rudely  stratified,  coai-se,  incoherent-looking  materials  of  a dull  red  colour, 
some  of  the  dykes  being  also  cut  by  similar  ones  of  more  recent  ilate. 

Association  of  Trachytes  and  Dolerites. — In  many  volcanic  regions 
there  appears  to  be  an  alternation,  or  to  have  been  a succession,  in 
the  diflferent  products  ; the  lavas  being  at  one  time  trachyte,  and  at 
another  dolerite.  It  seenLs  at  one  time  to  have  been  supposed  that  the 
trachyte  was  always  the  lower  or  the  older  of  the  two,  and  that  flows 
of  trachyte  were  never  foimd  above  flows  of  basalt  or  dolerite.  Lyell, 
however,  has  shewn  that  some  of  the  newest  lavas  in  Madeira  are  tra- 
chytic,  while  they  cover  others  consisting  of  doleritic  compoimds. 

Bunsen,  in  a paper  formerly  cited  (Sc.  Memoirs),  in  speaking  of  the 
trachytic  and  augitic  lavas  of  Iceland,  refers  their  origin  to  two  separate 
volcanic  foci,  and  even  speaks  of  a thiid  separate  volcanic  focus  for  the 
intermediate  lavas,  though  he  also  speaks  favourably  in  another  place  of 
all  the  volcanic  rocks  arising  from  one  mass. 

Durocher,  too,  in  his  essay  on  Comparative  Petrology,  refers  the 
two  classes  of  igneous  rocks  of  all  kinds,  namely,  the  siliceous  and  the 
basic,  to  the  existence  of  two  separate  “ magmas  ” below  the  crust  of 
the  earth,  the  siliceous  or  lighter  floating  over  the  basic  or  heavier,  and 
ejection  taking  place  from  one  or  the  other  according  to  the  strength  of 
the  impelling  force  ; the  ejection  of  the  lighter  therefore  generally  pre- 
ceding that  of  the  hea\’ier. 

The  identity  or  very  great  similarity  of  the  various  volcanic  pro- 
ducts in  all  jmrts  of  the  world,  seems  to  point  to  a common  origin  for 
them.  The  frcqiicnt  association  in  all  parts  of  the  earth  of  the  two 
great  classes  of  these  products,  the  trachytic  or  purely  feldspathic  (or 
highly  siliceous,  with  little  alkali,  lime,  or  iron),  and  those  in  which 
the  feldspathic  are  largely  mingled  ^dth  homblendic  or  augitic  minerals 
(containing  much  alkali,  lime,  or  iron),  seems  to  me  to  shew  that  their 
separation  is  not  so  much  due  to  diversity  of  origin,  as  to  some  cause 
tending  to  segregate  the  one  from  the  other,  out  of  a generally  diffused 
mass,  in  which  the  constituents  of  both  may  be  equally  mingled. 

Tlie  association  previously  mentioned  of  felstone  and  greenstone 
among  the  traps  seems  to  be  reproduced  in  that  of  trachyte  and  dolerite 
among  the  lavas.  In  both  instances  the  occurrence  of  pure  or  immixed 
feldspatliic  rocks  is  less  fre<pient  than  that  of  those  in  which  the  feld- 
spar is  mingled  with  the  more  basic  mineraLs,  although  when  the 
purely  feldspathic  rocks  do  occur  they  form  generally  larger  masses 
than  the  basic  ones.  Trachytes  and  felstones  seem  both  to  be  confined 
to  certain  localities,  in  which,  however,  they  are  very  abundant,  some- 
times alone,  and  sometimes  largely  mingled  with  dolerites,  basalts,  or 
greenstones.  These  latter  rocks,  on  the  contnirj',  are  not  only  found 
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in  association  with  the  former,  almost  wherever  these  igneous  rocks 
appear,  but  also  in  many  other  districts,  in  large  or  small  quantities, 
unaccompanied  by  any  other  igneous  rocks. 

If  we  assume  all  igneous  rocks  to  proceed  either  from  one  central 
molten  mass  of  equable  constitution  throughout,  or  from  separately 
fused  portions  of  perfectly  similar  constitution,  might  we  not  suppose 
that  the  ditference  in  the  constitution  of  the  various  products  wliich  we 
find  at  the  surface  depended  on  the  circumstances  and  conditions  in 
which  they  had  been  placed  ? The  portions  now  open  to  our  examina* 
tion  had  probably  to  pass  through  different  thicknesses  and  different  kinds 
of  other  rocks  ; they  would  be  placed  then  under  different  conditions 
of  temperature  and  pressure,  which  might  perhaps  alone  cause  a sepa- 
ration to  take  place  in  their  different  ingredients  ; they  might  also  take 
up  in  tlieir  passage  other  ingredients  of  different  character  from  those 
which  they  originally  possessed,  or  larger  proportions  of  one  or  other  of 
their  original  ingredients.  In  those  places  or  at  those  times  when  vio- 
lent accessions  of  heat  approached  most  nearly  to  the  surface,  tracliytes 
and  felstones  might  be  poured  out,  while  at  other  periods,  when  the 
heat  was  less  intense,  no  molten  rock  could  reach  the  surface  unless 
it  were  composed  of  more  easily  fusible  minerals.  These  more  readily 
fusible  substances  might  be  conceived  either  to  have  separated  in  liquid, 
strings  and  veins  from  the  consolidating  rocks  below,  or  to  have  been 
acquired  by  the  upper  portion  of  the  mass  from  the  rocks  it  met  with 
in  its  passage  towards  the  surface,  the  substances  thus  added  having 
acted 'as  an  additional  flux  to  matter  which  would  otherwise  have  solidi- 
fied before  it  could  have  been  poured  out 

Some  such  hypothesis  as  this  seems  to  me  less  forced  than  one 
which  obliges  us  to  supjwse  separate  deep-seated  foci  or  leservoirs  for 
every  variety  of  igneous  rock,  those  varieties  frequently  occurring  in 
the  same  district,  and  alternating  one  with  the  other  over  the  same 
space  of  ground. 

If  it  be  well  founded,  it  will  enable  us  to  account  for  the  gradual 
changes  in  one  connected  igneous  mass,  as  also  for  the  veins  and  patches 
of  different  character  sometimes  to  be  found  occurring  very  abruptly  in 
such  masses,  independently  of  the  supposition  of  a subsequent  intni- 
sion  of  one  igneous  rock  through  the  body  of  another.  This  would 
often  relieve  us  of  a difficulty  where  the  veins  are  confined  to  the  igne- 
ous rock  and  do  not  penetrate  the  adjacent  aqueous  ropks.  We  might 
then  look  upon  such  veins  as  veins  of  segregation,  occurring  probably 
at  the  time  of  the  contraction  consequent  upon  the  mass  of  the  rock 
passing  from  a molten  to  a solid  state,  or  from  a pasty  to  a crystalline 
state  (see  ante,  p.  96),  while  yet  some  parts  of  it  remained  fluid. 

Exciting  Causes  of  Volcanic  Eruptions. — Sir  H.  Davy  suggested 
that  volcanic  eruptions  might  be  caused  by  the  oxidisation  of  the 
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metallic  bases  of  earths  and  alkalies.  If  repositories  of  these  substances 
exist  in  the  interior  of  the  earth,  and  especially  if  they  have  already  a 
high  temperature  derived  from  the  earth’s  internal  heat,  and  if  oxygen 
either  of  the  air  or  of  water  be  brought  into  contact  with  them,  the 
phenomena  of  volcanic  action  might  be  produced  by  the  local  intensity 
of  the  heat  thereby  generated.  Dr.  Daubeny  looks  on  this  explanation 
as  perhaps  the  most  probable  one — (see  chapters  xxxvi.  et  seq.  of  Dau- 
benys  work  on  Volcanoes), — and  shews  that  whether  the  earth  have 
an  intense  internal  temperature  or  not,  in  other  words,  whether  or  no 
the  oliserved  internal  temperature  lead  to  the  conclusion  of  “ central 
heat,”  the  local  action  of  volcanoes  may  be  due  to  the  oxygenation  of 
metallic  bases. 

Few  authorities,  however,  excepting  Dr.  Daubeny,  now  regard  this 
chemical  explanation  of  volcanic  activity  as  sufficient. 

BLschof,  taking  for  granted  that  the  observed  internal  temperature 
of  the  earth  increases  towards  the  interior  at  the  same  rate  as  near  the 
surface,  attributes  volcanic  activity  to  the  mechanical  action  of  water 
gaining  access  to  the  heated  interior,  and  being  there  converted  into 
explosive  steam. 

He  supposes  the  fusing  point  of  lava  in  general  to  be  about  2282°  F. 
— a temperature  that  would,  he  says,  be  attained  at  a depth  of  about 
113,600  feet  below  Geneva,  the  Erzgebirge  or  Cornwall,  and  at 
126,800  feet  beneath  Vesuvius  and  Etna. 

He  remarks  that  the  elastic  force  of  steam  is  at  a maximum  when 
it  has  the  same  density  as  water,  and  that  it  would  acquire  that  density 
under  the  pressure  of  8300  atmospheres,  or  at  a depth  where  the  tem- 
perature would  be  2786°  F.,  or  500°  F.  more  than  necessary  to  fuse 
lava.  But  supposing  the  mean  specific  gravity  of  lava  to  be  3,  the 
loftiest  column  of  lava  •which  could  be  supported  by  steam  at  its  maxi- 
mum density  would  be  88,747  feet,  or  much  too  little  to  reach  the 
surface  in  Germany  or  Cornwall,  and  still  more  deficient  for  that  of 
Italy.  He  says,  however,  that  this  difficulty  may  be  got  over  by  sup- 
posing the  column  to  be  made  of  lengths  of  steam  included  between 
lengths  of  molten  lava,  like  bubbles  of  air  in  the  mercury  of  a 
barometer,  a supposition  rendered  probable  by  the  frequent  alternations 
of  outbursts  of  lava  and  vapour  during  an  eruption. 

The  hypothesis,  however,  seems  to  involve  the  idea  of  colimins  of 
water,  and  columns  of  lava,  or  of  lava  and  steam,  having  eqiuil  access  to 
the  heated  interior,  and  the  ejection  of  the  lava  column  rather  than  that 
of  water.  Bischof  discusses  this  objection,  and  observes,  that  supposing 
the  waters  of  the  sea  to  gain  access,  by  means  of  fissures,  to  depths  of 
1 13,000  or  1 26,000  feet,  where  the  temperature  would  be  2282®  F.,  that 
the  elastic  force  of  steam  there  would  be  equal  to  the  pressure  of  5310 
atmospheres,  while  the  hydrostatic  pressure  would  be  only  equal  to 
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3647  atmosplieres  in  the  fii-st,  and  3963  atmospheres  in  the  second 
case  ; so  that  these  coliinms  would  be  quite  unable  to  resist  the  pressure 
of  the  steam,  and  would  be  tliemselves  ejected  instead  of  the  lava. 

He  observes,  however,  that  the  elastic  force  of  the  steam  would 
decrease  more  rapidly  in  consequence  of  decrease  of  temperature  than 
would  the  hydrostatic  pressure,  and  that  consequently  there  must  be 
some  depth  where  the  two  would  balance  each  other ; and  on  the  sup- 
position of  the  temi)erature  decreasing  towards  the  surface  at  the  rate 
of  1 ® F.  for  every  6 1 feet,  he  calculates  that  tliis  point  of  equilil^rium 
would  be  at  a depth  of  88,044  feet  below  the  level  of  the  sea,  where 
the  temperature  would  be  1754®  F.  He  arrives  at  the  conclusion  that 
colmnns  of  lava,  from  29,348  feet  to  35,209  feet  in  altitude  might  be 
lifted  by  steam  from  depths  of  88,044  feet  and  105,627  feet  respec- 
tively, provided  the  conmiunications  between  the  sea  and  the  volcanic 
focus  were  not  intemipted.* 

As  long  as  tliese  conununications  were  open  the  volcano  could  have 
no  perfect  rest,  although  the  formation  or  areival  of  fresh  lava  in  the 
base  of  the  funnel  might  necessitate  an  intermission  in  its  emption. 

Tlie  channels  of  communication  between  tlie  volcanic  fcjcus  and  the 
sea  might  be  interrupted  either  by  lava  itself  being  forced  into  them, 
or  by  the  fusion  and  soldering  together  of  tlieir  walls,  or  by  other  cir- 
cumstances, and  the  eruption  would  then  be  intermpted  or  cease  till 
the  channels  were  opened  again  by  a shock,  or  by  the  expansion  of  their 
walls,  or  by  some  other  action.  The  more  the  lava  below  was  cooled 
by  the  water  or  by  the  foniiation  of  steam,  the  longer  would  be  the 
time  required  for  its  remelting,  especially  as  lava  is  a bad  conductor  of 
heat. 

The  alternations  of  repose  and  activity,  then,  in  a volcanic  vent  are 
those  of  the  solidification  and  remelting  of  the  lava  below,  and  the  inter- 
ruptions and  reopening  of  the  channels  between  the  water  and  tlie 
volcanic  focus. 

It  will  be  seen  that  both  the  chemical  and  mechanical  explanations 
offeretl  above  require  a communication  to  be  established  between  the 
interior  of  the  crust  of  the  eartli  and  its  surface,  especially  that  part  of 
it  covered  by  water.  Inspection  of  any  maps  of  volcanoes  will  shew 
tliat  all  the  great  active  volcanoes  are  cither  in  islands  or  not  far 
removed  from  the  borders  of  the  sea. 

* Some  recent  exi)eTiment8  have  shewn  tliat  water  will  readily  pass  through  porous 
substances  which  are  quite  impermeable  to  it  when  converted  into  steam,  so  that  it  is  p»o8- 
sible  to  conceive  pent-up  reservoirs  of  steam  receiving  continued  accessions  from  Avater 
arriAing  by  channels  which  the  steam  cannot  escape  by. 


CHAPTER  XX. 


OROGRAPHY,  OR  THE  STRUCTURE  AND  ORIGIN  OF  MOUNTAINS. 

Relations  between  the  intrusion  of  Igneous  Rochy  and  the  elevation 
of  Stratifed  Rocks. — Mr.  Darwin  in  his  book  on  Coral  Reefs  points  ont 
that  atolls  and  barriers,  forms  which,  as  we  have  already  seen,  are  a 
consequence  of  the  depression  of  land  beneath  the  sea,  are  never  found 
in  the  same  areas  with  active  volcanoes  ; and  tliat  active  volcanic 
islands  have  only  fringing  reefs  around  them,  I observed  myself,  when 
visiting  some  of  the  islands  belonging  to  the  volcanic  band  of  the  eastern 
archipelago,  namel}’^,  Timor  and  Java,  and  sailing  along  the  islands 
between  them,  that  part  of  their  lower  grounds  consisted  of  raised  coral 
reefs,  the  old  fringing  reefs  which  had  surrounded  the  islands  when 
they  stood  at  a lower  level. 

Many  other  volcanic  islands  exhibit  proofs  of  the  elevation  of  the 
old  sea  bottoms,  on  which  some  of  the  earlier  lava  streams  had  been 
poured  out,  since  those  lava  streams  alternate  with  aqueous  rocks, 
deposited  on  their  cooled  surfaces  during  the  intervals  of  eruptiom. 

Tliose  of  Sicily  and  Madeira  are  mentioned  by  Lyell,  those  of  the 
Canary  islands  were  described  by  Von  Buch,  those  of  St.  Helena  and 
others,  by  Darwin,  and  we  may  perhaps  be  almost  warranted  in  saying 
that  all  volcanic  islands  have  risen  or  are  rising  from  the  sea,  not  only 
in  consequence  of  the  accumulation  of  ejected  volcanic  materials  round 
their  orifices,  but  because  of  the  nosing  of  the  base  on  which  they 
stand. 

We  may  even  extend  this  assertion  to  other  volcanic  chains,  such  as 
the  Andes,  the  old  submarine  base  of  which  is  now  continuous  dry  land, 
as  before  mentioned. 

These  facts  shew  a connection  between  the  elevation  of  parts  of  the 
earth’s  crust,  and  the  intrusion  and  ejection  of  igneous  ‘rock  from  its 
interior  towards  its  surface,  a relation  which  seems  also  to  have  ex- 
isted with  respect  to  the  irruption  of  the  trappeau  and  granitic  rocks, 
as  well  as  the  eruption  of  the  volcanic. 

It  would  not,  however,  be  a correct  representation  of  the  facts  to 
say  th9t  the  irruption  or  eruption  of  the  igneous  rocks  had  been  the 
cause  of  the  elevation  of  the  surrounding  ground.  Tlie  two  phenomena 
seem  to  be  the  simultaneous  effects  of  the  same  cause  rather  than  one 
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the  cause  of  the  other.  That  cause  may  l)c  described  as  the  disturb- 
ing action  of  great  internal  heat,  to  which  some  agent  or  other  had 
imparted  a local  excitement  and  detennination  towards  the  surface. 
This  heat  acting  against  the  inner  part  of  the  crust  of  the  earth,  tends 
both  to  make  it  bulge  outwanls  and  to  break  through  it,  and  where  it 
does  break  through  it  the  molten  rocks  l^elow  are  often  forced  into  the 
fissures,  and  sometimes  through  them,  so  as  to  boil  over  on  to  the 
surface. 

In  this  view  of  the  matter  we  should  expect  the  elevation  of  aqueous 
or  older  igneous  rock  to  precede  rather  than  follow  the  intrusion 
of  fresh  igneous  materials,  and  that  the  irruption  or  eruption  of 
the  latter  w'ould  afford  a local  or  temporary  relief  to  the  movement  of 
elevation. 

The  injection  of  igneous  rocks  into  the  cracks  and  fissures  formed 
during  elevation,  and  their  subsequent  consolidation  there,  would 
doubtless  be  efficient  to  prevent  or  lessen  the  depression  consequent  on 
the  withdrawal  of  the  expansive  force  of  heat. 

The  occummce,  how'ever,  of  igneous  rocks  in  any  part  of  a disturbed 
district  is  accidental,  since  it  must  depend  on  the  place  w’here  cracks 
and  fissures  w’ere  produceil,  and  on  their  form  and  position  being  such 
as  to  allow  of  their  being  filled  wdth  the  molten  matter. 

When  speaking  of  faults  and  contortions,  it  w’as  observed,  p.  262, 
that  the  tw’o  occur  rather  in  different  paits  of  a disturbed  district  than 
together.  The  disturbing  forces  either  bend  the  rocks  or  break  them. 
If  the  rocks  are  fractured,  the  fragments  may  be  moved  up  or  down 
without  being  bent ; if,  however,  they  are  not  broken  through,  motion 
can  take  place  by  bending  only. 

The  fractures  may  take  place  either  where  the  greatest  force  is 
exerted,  or  where  the  least  resistance  is  opposed  to  it,  the  strain  on  the 
adjacent  parts  being  in  either  case  relieved  by  the  fracture. 

Observed  fact,  as  far  as  my  own  experience  goes,  certainly  is  in 
harmony  with  these  d jitiori  considerations. 

It  has  been  already  remarked  that  even  large  granitic  mas.ses  do 
not  occur  as  axes  or  centres  of  elevation  in  the  way  in  which  they  were 
at  one  time  suppose<l. 

Examination  of  the  accurate  geological  maps  published  of  late  years 
by  the  Geological  Surveys  of  European  and  American  states,  as 
well  as  those  of  our  own  country  and  colonies,  completely  confirm  this 
statement. 

Trappean  rocks  also  are  in  no  instance  that  I am  acquainted  with, 
the  centres  or  axes  of  elevated  districts.  On  the  contrary,  the  occur- 
rence of  intrusive  trap  seems,  in  mimy  cases,  to  have  relieved  the 
action  of  the  disturbing  force  and  moderated  its  effects.  In  other 
cases,  the  traps,  lx)th  intrusive  and  contemporaneous,  have  been  bent  or 
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broken  by  the  disturbing  forces  just  exactly  as  much  as  the  aqueous 
rocks  with  which  they  w'ere  associated,  proving  that  the  occurrence  of 
the  igneous  rock  was  not  the  cause  of  the  disturbing  effect,  but  that 
the  disturbance  w'as  altogether  of  subsequent  origin,  and  was  not  accom- 
panied by  the  intrusion  of  igneous  rock. 

Volcanic  islands  and  districts,  even  those  that  have  been  most 
elevated,  exhibit  precisely  similar  facts.  The  elevated  beds  formed 
beneath  the  sea,  which  were  just  now  spoken  of,  almost  alw'ays  retain 
the  horixontality  which  they  originally  possessed. 

This  seems  to  be  the  ca.‘^e  in  Sicily  from  Lyell’s  descriptions  ; it  is 
certainly  the  case  in  one  part  of  Teneriffe,  ami  was  also  the  case  in 
Java  and  Timor,  and  in  those  parts  of  the  intermediate  islands  I was 
able  to  observe.  It  is  also  true  of  St.  Jago,  one  of  the  Cai)e  de  Verde 
Islands,  acconling  to  Darwin  (see  his  Volcanic  Islands). 

They  all  seem  to  have  been  raised  bodily  liy  an  upward  swelling 
of  a broad  area  bearing  the  volcanoes  on  its  back,  and  in  no  case  can 
it  be  shewn  that  the  volcanic  orifices  have  acted  as  centres  or  axes  of 
elevation  to  those  beds  around  them  which  were  undoubtedly  formed 
beneath  the  sea. 

Even  w'here  the  beds  in  volcanic  islands,  such  as  St.  Helena,  or  in 
great  volcanic  chains,  such  as  the  Andes,  have  been  greatly  disturbed, 
and  tilted  in  various  directions  (as  described  by  DanvLn  in  his  Volcanic 
Island  and  South  America^  and  lately  by  Mr.  D.  Forbes  in  Quarterly 
Journal  Oeol.  Soc.,  vol.  xvii.,  part  1),  those  directions  are  not  at  all 
governed  by  the  position  of  volcanic  orifices. 

In  St  Helena  the  beds  of  volcanic  materials  seem  to  have  been 
thrown  into  various  inclined  positions,  dipping  both  from  and  towards 
what  was  probably  the  central  orifice  during  the  time  of  eruption. 

In  the  Andes  both  older  igneous  and  aqueous  rocks  appear  to  have 
been  violently  disturbed  and  thrown  into  many  anticlinal  and  synclinal 
flexures,  the  axes  of  -which  doubtless  run  parallel  to  the  direction  of 
the  cliain  along  which  the  volcanic  orifices  are  ranged  ; but  the  l)eds 
appear  to  be  just  as  much  disturbed  wdiere  there  are  no  volcanoes  as 
where  they  exist,  if  indecsl  they  are  not  more  disturl>ed  in  the  parts 
from  which  volcanoes  ai-e  absent. 

I believe,  then,  that  we  are  ])erfectly  warranted  in  making  the 
general  statement,  that  there  is  no  direct  relation  between  the  lirves  or 
points  of  irruption  or  eruption  of  igneous  rock  of  any  kind,  and  the 
inclined  positions  of  the  surrounding  beds  of  aqueous  rock  ; in  other 
words,  that  igneous  rocks  do  not,  except  accidenbilly,  form  the  centres 
or  axes  of  the  elevations  which  have  affected  the  crust  of  the  earth. 

If  this  assertion  be  generally  true,  it  null  follow  that  it  is  exceed- 
ingly improbable  that  cones  or  craters  could  be  generally  formed  by 
elevation  round  volcanic  orifices. 
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Steep  Inclinations  never  communicated  to  Beds  hy  disturbance  acting 
near  the  Surface. — Recent  reflection,  indeed,  has  le<l  me  to  doubt  the 
physical  possibility  of  the  formation  of  a conical  mountain  by  any  local 
action  of  upheaval  anywhere  at  the  surface  of  the  earth. 

Every  one  who  has  examined  any  much  disturbed  district  must  of 
course  be  familiar  with  the  fact  of  the  dome-shaped  elevation  and  basin- 
shaped depression  of  rock  beds,  with  a quaquaversal  dip  from  or  towards 
a central  spot.  Some  of  these,  when  their  sides  are  but  slightly  inclined, 
or  when  their  base  is  large  in  proportion  to  their  height,  are  veiy  sjTn- 
metrical ; when,  however,  their  sides  approach  in  steepness  to  those  of 
a volcanic  cone,  they  are  rarely,  if  ever,  so  symmetrical  as  the  majority 
of  volcanic  cones.  Their  forms  become  oval  or  irregular,  or  their  beds 
are  much  more  highly  inclined  in  one  part  than  another,  or  they  are 
broken  by  dislocations  that  destroy  the  symmetry  of  their  shape. 

There  are  hardly  perhaps  anywhere  to  l)e  found  domereha])ed  eleva- 
tions of  beds  of  aqueous  rock  that  more  nearly  approximate  in  form  to 
what  w’e  might  suppose  denuded  volcanic  cones  would  assume  on  the 
crater  elevation  theory,  than  the  three  quasi  dome-shaped  elevations  of 
Wenlock  Limestone  just  north  of  Dudley,  known  as  the  Castle  Hill,  the 
Wren’s  Nest,  and  Hurst  Hill,  ranged  as  they  are  in  a straight  line,  and 
with  the  beds  of  each  dipping  in  till  directions  from  their  central  parts. 
Nobody,  however,  could  look  at  the  geologiad  map  (62  south-west  of 
the  maps  of  the  Geological  Survey,  or  the  sketch  on  p.  146  of  the 
Otology  of  the  South  Staffordshire  Coalfeld)  without  perceiving  how 
much  they  differed  in  fonn  from  that  of  any  volcano,  independently  of 
the  absence  of  a crater. 

If,  however,  volcanic  cones  and  craters  are  formed  by  elevation 
round  a central  point,  there  seems  no  reason  why  other  rocks  that  have 
been  similarly  elevated  should  not  have  exactly  similar  forms,  even  if 
they  have  not  cratcra  fonne<l  in  them. 

There  are  even  many  craters  known,  such  as  the  CVeux  de  Morel 
in  Auvergne,  the  Pulver  Maar,  and  other  Maars  in  the  Eifel,  round  which 
very  small  accumulations  of  volcanic  ejection  have  taken  place,  and  yet 
no  quaquaversal  inclination  of  the  aqueous  rocks  around  them  is  to 
be  seen.  They  seem  mere  holes  drilled  through  the  rocks,  -without  any 
tilting  of  their  shies. 

Even,  however,  if  we  disregard  the  differences  in  form  observable 
between  volcanic  cones  and  quafiuaversal  elevations  of  other  rocks, 
there  remains  another  most  essential  distinction  to  be  pointed  out. 

No  highly  inclined  beds,  w'hatever  may  be  the  shape  they  have 
assumed,  can  anywhere  be  shewTi  to  have  acquire*!  their  high  inclina- 
tion at  or  near  to  the  present  surface  of  the  ground.  No  dip  of  even 
30°  in  any  aqueous  rock  whatever,  and  continued  for  more  than  a few 
yards,  can  be  proved  to  have  been  acMjuired  at  the  surface,  or  rather  no 
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such  dip  can  be  pointed  out  anywhere  in  the  world,  that  cannot  be 
proved  to  have  existed  before  the  production  of  the  present  surface  of 
the  ground  by  denudation.  This  assertion  is  made  partly  as  the  result 
of  rather  widely  spread  personal  observation  and  a tolerably  extensive 
examination  of  the  observations  of  others,  and  partly  from  d priori  con- 
siderations. 

If  horizontal  beds  with  a horizontal  ground  surface  be  tilted  into 
an  angle  of  30°,  it  follows  that  the  surface  of  the  gi^ound  must  have  an 
equal  inclination.  But  a ground  surface  slope  of  30°  never  occurs  for 
more  than  a few  yards,  except  in  hilly  or  mountainous  regions,  which 
can  always  be  shewn  to  have  sufiFered  greatly  from  denudation,  and 
where  the  slope  of  the  beds  and  that  of  the  surface  rarely  coincide  in 
angle  and  direction,  except  accidentally  and  for  small  distances. 

Wherever  beds  are  highly  inclined,  it  can  always  be  shewn  that 
great  denudation  has  taken  jdace  there,  otherwise  the  ground-surface 
must  precisely  follow  and  agree,  both  in  inclination  and  altitude,  with 
the  lie  and  extent  of  the  beds. 

In  such  cases  as  the  vertical  Chalk  ninning  through  the  Isle  of 
Wight,  it  only  requires  inspection  of  the  map  (sheet  9)  and  sections  (No. 
47)  published  by  the  Geological  Survey,  or  the  smaller  ones  given  in  the 
Memoir  on  the  District  by  Professor  Edward  Forbes  and  Mr.  Bristow, 
to  be  convinced  that  the  whole  of  the  Eocene  rocks  at  least,  which  are 
more  than  2000  feet  thick,  have  been  removed  since  the  Chalk  beds 
acquired  that  liigh  inclination. 

Among  older  and  more  greatly  disturbed  rocks,  where  alone  in 
Britain  we  have  steep-sided  quaquaversal  inclinations,  the  subsequent 
denudation  can  always  be  shewn  to  have  been  enormous. 

It  was  from  want  of  allowing  for  this  denudation  that  the  mistake 
naturally  arose  of  attributing  the  production  of  such  disturbances  to 
forces  of  greater  intensity  than  any  now  acting  on  the  earth.  It  has 
been  said  rightly  enough,  that  no  such  disturbances  and  tiltings  of  beds 
as  may  be  often  seen  at  the  surface  arc  ever  now  produced  anywhere  at 
the  surface  of  the  earth,  but  the  fact  was  ignored  that  the  very  effects 
referred  to  were  not  themselves  produced  at  the  surface. 

If  the  reader  wiU  turn  to  p.  237  et  seq.^  and  the  figures  of  contorted 
and  denuded  beds  there  given,  he  will  see  at  once  the  gist  of  these 
remarks. 

It  is  doubtless  true  that  the  force  required  to  bend  solid  rock,  and 
tilt  it  into  such  positions,  must  have  been  one  of  greater  intensity  than 
any  we  have  ex]>erience  of  at  the  surface,  but  it  is  equally  true  that  a 
force  acting  with  such  local  intensity  never  could  have  reached  the 
surface.  All  forces  of  disturbance  acting  on  the  crust  of  the  earth  must 
proceed  from  the  interior,  and  must  travel  through  the  whole  thickness 
of  the  crust  before  they  can  reach  its  upper  surface.  Before,  then,  they 
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r^ch  that  surface,  their  intensity  must  be  weakened  so  much  by  disper- 
sion in  the  mass  of  that  crust  that  their  etfect  at  any  particular  locality 
of  that  upper  surface  will  l>e  but  a fraction  of  that  \Nith  which  they  acted 
on  ix>ints  of  what  we  may  call  the  under  surface  of  the  earth’s  crust. 

In  order  that  any  locally  intense  movement  should  take  place  in 
that  crust  such  as  would  produce  high  inclination  of  be<l8,  an  im- 
mense accumulation  of  force  must  l)e  brought  to  bear  upon  a com- 
paratively small  internal  jMirt  of  it.  The  result  will  be  that  some 
weaker  line  or  point  will  first  yield,  and  the  disturbance  there  will,  to 
a certain  extent,  relieve  the  pressure  on  other  parts.  Lines  or  points 
that  have  once  jnelded  will  be  apt  to  yield  again  on  a recurrence  of  the 
accumulated  force,  elevation  of  one  part  may  produce  depression  of 
another,  and  we  may  conceive  any  amount  of  bending,  or  any  amoimt 
of  fracture,  in  the  immediate  neighbourhood  of  the  local  centres  of 
intensity  of  action  thus  generated. 

But  before  the  disturbance  arising  about  these  could  reach  the  sur- 
face it  must,  as  just  now  said,  be  so  dispersed  on  all  sides  tlirough  the 
thickness  of  the  crust,  that  its  local  energy  must  be  lost,  an<l  tlie  effect 
produced  at  any  point  of  the  surface  must  be  comparatively  slight. 

It  is  difficult  to  imagine  any  cause  that  could  gather  these  rays  of 
disturbing  force  together  again,  and  so  focus  them  on  any  point  of  the 
surface  as  to  ])roiluce  great  local  disturbance  there. 

We  only  become  aware  of  the  local  agency  of  the  deep-seated  forces 
of  disturbance  when  we  have  the  once  deeply-seated  rocks  brought  up 
from  their  depth,  and  exposed  at  the  surface  by  the  action  of  denuda- 
tion. 

It  has  been  already  observed  that  the  very  fact  of  the  occurrence  of 
a fissure  protlucing  a connection  between  the  surface  and  the  deep-seated 
parts  of  the  earth,  where  molten  rock  exists,  will  relieve  the  energy  of 
the  uplifting  force,  while  the  outpouring  of  that  molten  rock  must 
rather  tend  to  produce  a cavity  into  which  some  of  the  adjacent  rocks 
may  sink. 

This  seems  sometimes  to  have  been  the  case  with  volcanoes,  as  in 
the  section  in  the  neighbourhood  of  Porto  Praya,  given  by  Mr.  Darwun 
in  his  Volcanic  Islands^  and  I have  seen  reason  to  suspect  a similar 
action  to  have  occurre<l  in  cases  of  the  eruption  or  irruption  (w'hichever 
it  may  have  been)  of  tnip  rocks,  as  in  the  South  Staffonlshire  coalfield, 
and  the  irruption  of  granite,  as  in  that  of  the  south-east  of  Ireland. 

The  movement  of  molten  rock  may  in  this  w’ay  be  sometimes  a 
cause  of  the  motion  of  the  rocks  above  or  about  it,  but  if  so,  it  will  be 
a movement  of  depression  in  the  part  from  beneath  which  molten  rock 
came,  and  not  of  uptilting  in  the  rocks  over  it.  Moreover,  the  inclina- 
tion wUl  be  that  of  dip  towards  rather  than  from  the  intrusive  mass. 

Mountains  are  of  three  kinds. — From  what  has  been  said  in  this 
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and  preceding  chapters,  it  be  seen  that  hills  and  mountains  are  of 
three  kinds. 

a.  Mountains  or  Hills  of  Circurtuhnudaticm  (see  p.  282)  pro<luced  by 
the  removal  of  the  surrounding  rocks,  in  which  the  base  of  the  moun- 
tains and  the  adjacent  plains  are  formed  of  the  same,  or  nearly  the  same, 
set  of  rocks,  whether  they  be  horizontal  or  gently  undulating.  (See 
fig.  71.)  It  not  unfrequently  happens  that  the  beds  beneath  the  hUl 
have  a (juaquaversal  dip  inward,  as  in  the  lull  in  fig.  71,  so  that  the 
beds  form  a l>asin,  while  the  surface  of  the  ground  is  a hill. 

b.  Mountains  of  Cptiltinff  (see  fig.  72,  p.  282),  in  which  lower  beds 
have  been  reared  up  in  the  central  parts,  while  the  circumjacent  low- 
lands are  formed  of  rocks  much  higher  in  the  series  than  those  forming 
the  hills.  Although  in  this  ca.se  the  amount  of  denudation  has  actually 
been  greater  on  the  mountains  than  on  the  adjacent  low  grounds,  it 
has  not  succeeded  in  wearing  them  down  to  the  level  of  the  plains, 
l>ecau.sc  its  levelling  action  has  been  more  than  compensated  by  the 
up-pushing  agency  of  the  internal  elevating  force, 

c.  Mountains  of  Ejection^  of  which  volcanoes  are  the  only  examples, 
caused  by  the  t)iling  of  materials  ejected  round  central  orifices,  as  in 
fig.  99,  p.  332. 

Mountain.s,  then,  formed  simjdy  by  the  elevation  or  uptilting  of 
pre\’iously  existing  rock,  and  unaccompanied  by  denudation,  whether 
they  be  volcanic  cones,  or  formed  of  other  rocks,  have,  as  I believe,  no 
real  existence,  and  are  so  highly  improbable,  that  we  may  feel  justified 
in  asserting  that  they  are  physically  impossible. 

Valleys  are  of  one  kind  wily. — Valleys  are  in  all  cases  the  result 
of  the  erosion  of  rock  that  has  been  lifted  above  the  sea,  whether  that 
erosion  has  acted  along  the  smmnits  of  anticlinal  curves  or  along  the 
bottoms  of  synclinal  ciurves,  or  has  cut  through  the  rocks,  as  it  has  in 
the  majority  of  instances,  without  pajdng  any  regard  to  the  position  and 
lie  of  their  beds.  There  is  no  such  thing  in  natiu^  as  a valley  of 
elevation,  or  a valley  of  depre.ssion,  if  by  that  term  we  understand  one 
formed  without  denudation,  or  as  a direct  consequence  of  the  tilting  of 
the  beds  over  an  anticlinal  or  imder  a synclinal  axis. 

Intercolline  Spaces. — The  only  hollows  between  hills  that  were 
not  produced  by  denudation  are  those  between  volcanic  mountains, 
such  valleys  being  a con.sequence  of  the  growth  of  the  mountains 
around  them,  in  the  way  already  alluded  to.  In  fig.  99,  p.  332,  the 
spaces  marked  xx  will  give  an  idea  of  the  mode  of  formation  of  such 
valleys.  For  such  Sir  C.  Lyell  has  lately  pro])osed  the  distinctive  term 
“ intercolline  spaces,”  in  order  to  distinguish  them  from  valleys  proper, 
which  are  always  excavated  by  denudation,  cutting  into  previously 
existing  rock,  and  to  shew  that  they  appear  like  valleys  solely  in  conse- 
quence of  the  growth  of  the  surrounding  hills. 
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E.  De  Beaumont'i  Theory  of  the  Parallelism  of  Mountain  Chains. — 
WTioevcr  examines  the  stnictui'e  of  a great  mountain  chain  such  as  the 
Amies  or  the  Alps,  or  such  as  tlie  lesser  mountainous  hills  of  the  British 
Islands,  will  see  that  the  beds  of  which  they  are  composed  have  been 
thrown  into  several  l)ol<l  corrugations  or  long  folds,  the  axes  of  which 
run  more  or  less  strictly  parallel*  to  each  other. 

It  often  happens,  too,  that  neighbouring  mountain  chains,  such  for 
instance  as  the  Swiss  Alps  and  the  Jura,  ai*e  parallel  to  each  other. 
This  is  the  case  also  in  North  Wales  with  the  mountains  of  Ca?marvon- 
shire,  and  those  of  Merioneth,  which  run  north-east  and  south-west ; it 
is  the  case  in  the  south  of  Ireland  with  the  Commeragh,  the  Knock-meal- 
dowus,  the  Graltees  and  the  Kerry  mountains,  which  run  nearly  east  and 
west  (or  east  by  north,  and  west  by  south),  and  similar  parallelism  may 
be  observed  in  Scotland,  and  in  fact  in  all  jmrts  of  the  world. 

This  pamllelLsm  in  neighbouring  mountain  chains  is  merely  an  ex- 
tension of  the  parallelism  that  may  be  observed  in  the  mitielinal  and 
synclinal  curves,  in  the  cleavage  and  foliation,  and  in  the  faults  and 
dislocations  of  a district  The  areas  over  wliich  this  parallelism  ex- 
tends vaiy^  greatly  in  extent,  and  often  include  smaller  areas  in  which 
great  departures  from  the  general  j)aialleli.sm  may  be  observed,  those 
small  areas  being  often  smaller  districts  in  which  the  direction  of  the 
widely  acting  forces  has  been  modilied  so  as  to  produce  another  local 
parallelism  with  a difiereiit  beaiing  from  that  by  which  it  is  surroimded. 

There  are  also  very  coimnonlv  cases  in  which  the  direction  of  all 
these  lines  changes  gradually,  so  as  to  run  along  a very  diflerent  bear- 
ing in  one  part  of  their  course  from  what  they  do  at  another.  In  the 
case  of  the  Jura,  for  instance,  the  strike  of  the  bbtls  and  of  the  ranges 
near  its  southern  temiination  is  almost  north  and  south,  in  the  centre 
it  is  north-east  and  south-west,  while  at  the  other  extremity  it  is  nearly 
east  and  west. 

In  parts  of  north  Wales  the  very  same  beds  gradually  curve  round 
from  the  general  noilh-east  and  south-west  strike,  so  as  to  run  due  east 
and  west,  as  may  be  seen  by  walking  along  the  crest  of  the  Ber\vj'ii 

* The  longitudinal  >'alley8  accoini>onying  mountain  cdiains  often  nin  i»arallel  to  these 
folds,  not  because  they  have  been  produced  by  them,  but  lujeause  when  the  denuding  force 
succeeded  in  wearing  down  the  ground  to  near  its  jiresont  surface,  the  different  folds  brought 
liarder  or  softer  rocks  within  its  influence. 

The  straight  valley  of  the  lUione  above  Martigny,  and  the  valley  of  Chainounix,  which 
runs  in  the  same  line,  have  l;>oth  l)cen  excavated  along  some  black  shale  or  slate  which  wa,s 
rolled  In  between  the  hanler  semlcrj’stolline  rocks  of  the  Bcnie.se  Uberlaud,  and  the  Brevent 
on  the  north-west,  and  the  rangr!  of  Mont  Blanc  and  Monte  Rosa  on  the  south-ejist.  These 
black  slates  may  be  seen  at  the  head  of  the  Klioiie  valley,  In  the  hills  immediat<dy  west  of 
Martigny,  and  about  the  ridge  of  the  Col  de  Baline,  and  again  at  the  south-we.st  end  of  the 
Chamounix  valley.  Tlicso  valleys  are  in  the  central  line  of  the  Alps,  and  might  be  called 
the  axis  of  the  cliain,  as  the  knot  of  the  Puix^a  from  which  the  Rhine  and  the  Rhone  and 
all  the  great  rivers  spring,  is  certainly  the  central  knot  of  the  Alps. 
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range  from  the  part  east  of  Bala  Lake  to  that  lying  south  of  Llangollen. 
The  several  parts  of  a mountain  chain,  then,  which  lie  beside  each  other 
are  generally  parallel  to  each  other,  and  neighbouring  mountain  chains 
are  similarly  parallel  for  certain  portions  of  theii*  length  ; but  the  bear- 
ing of  one  portion  of  the  length  of  a mountain  chain  is  by  no  means 
parallel  to  its  bearing  in  another  portion,  and  neighbouring  mountain 
chains  often  include  exceptional  areas,  sometimes  of  considerable  size, 
in  which  there  is  great  dej)arture  from  the  general  parallelism. 

Now  it  can  generally  be  she^\^l  that  the  elevation  of  a mountain 
chain  was  the  result  of  a widely-spread  force,  the  maximum  effects  of 
which  took  place  in  a certain  given  direction  over  considerable  areas, 
and  that  therefore  tliese  pai-allel  imits  of  the  moimtain  chain  were 
simultaneously  tilted. 

It  commonly  happens,  too,  that  all  the  synclinal  and  anticlinal  curves, 
and  therefore  the  strike  of  the  beds,  the  main  faults  and  the  cleavage 
(all  being  the  different  results  of  the  same  mechanical  force)  run  paral- 
lel to  each  other,  and  were  produced,  or  at  all  events  commenced  simul- 
taneously. 

It  will  be  exceedingly  likely  also  that,  when  once  the  direction  of  these 
structures  is  communicated  to  any  area,  any  subsequent  disturbing  force 
will  act  along  them.  The  features  being  once  sketched  out,  a rej)etition 
of  the  i)rocess  will  be  more  likely  to  deepen  and  heighten  tliem  than 
obliterate  them. 

Struck  with  this  relation  between  the  parallelism  and  synchronism, 
^I.  E.  de  Beaumont  passed  to  the  bold  generalization  that  all  mountain 
chains  all  over  the  world  that  are  parallel  to  each  other  were  formed 
contemporaneous!  y. 

But  when  we  extend  the  idea  of  parallelism  from  a part  of  the 
earth’s  surface  that  can  be  considered  as  a plain  to  the  whole  curved 
superficies  of  the  spheroid,  there  arises  a difficulty  as  to  what  we  mean 
by  parallelism. 

Lines  running  east  and  west  right  round  the  globe,  or  parallels  of 
latitude,  are  strictly  parallel  to  each  other,  or  will  always  be  at  the 
same  tlistance  from  each  other.  Lines  running  north  and  south,  how- 
ever, or  meridians,  meet  at  the  poles,  and  therefore  cannot  be  parallel 
to  each  other.  And  lines  running  round  the  globe,  and  crossing  the 
parallels  of  latitude  obliquely,  change  their  compass  bexiriug  conti- 
nually. The  ecliptic,  for  instance,  as  marked  on  the  terrestrial  globe, 
runs  from  the  equator  into  the  northern  hemisphere  along  an  E.NJ1., 
bearing,  changes  that  at  the  tropics  to  one  nearly  east  and  west,  and 
ultimately  to  the  south  of  east,  passes  into  the  southern  hemisphere 
as  an  E.S.E  line,  coincides  gradually  wdth  the  southern  tropic  as  an  east 
and  west  line,  and  then  giadually  returns  to  its  former  bearing. 

If  we  draw  short  lines  on  a globe  of  glass,  on  all  sides  of  it,  all  of 
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them  nmning  north-west  and  south-east,  or  inclined  to  the  meridians 
of  the  different  parts  at  a constant  angle  of  45°,  and  then  held  up  the 
globe  and  looked  through  it,  we  should  see  those  lines  crossing  each 
other  at  all  kinds  of  angles,  and  those  at  the  antipodes  of  each  other 
would  be  at  right  angles  to  each  other. 

Mountain  chains,  then,  which  run  north-east  and  south-west,  or  in 
any  other  given  direction,  in  different  parts  of  the  globe,  arc  any  thing 
but  parallel  to  each  other. 

M.  E.  de  Beaumont,  therefore,  defines  what  he  means  by  parallel 
mountain  chains,  by  stating  that  they  are  those  which  are  arranged 
along  small  circles  parallel  to  the  same  great  circle  : just  as  all  the 
parallels  of  latitude  are  small  circles  parallel  to  the  great  circle  called 
the  equator. 

If  we  take  an  orange,  and  cut  it  in  any  direction  by  a clean  slice 
right  through  the  middle  into  two  equal  halves,  but  do  not  allow  the 
halves  to  separate,  the  line  traced  on  the  outside  of  the  orange  repre- 
sents a great  circle.  K we  then  cut  it  into  smaller  slices,  by  cuts 
which  are  strictly  parallel  to  the  first,  still  keeping  the  pieces  uimioved, 
the  lines  traced  by  these  cuts  on  the  surface  of  the  orange  represent 
small  circles  parallel  to  the  first  great  circle. 

M.  E.  de  Beaumont  afterwards  shews  that  the  moimtain  chains  of 
the  globe  thus  classified  can  also  be  grouped,  so  that  their  directions 
shall  form  a pentagonal  network,  and  spends,  according  to  Mr.  W. 
Hopkins,  a wonderful  amount  of  ingenious  and  profoimd  mathematics 
in  tracing  out  their  geometrical  relations.  (See  Mr.  W.  Hopkins’s  Presi- 
dential Address,  Quarterly  Joum.  Oeol,  Soc.y  vol.  ix.) 

For  purposes  of  comparison  he  selects  three  centres,  to  w’hich  the 
different  lines  of  direction  are  referred,  and  finds  a certain  approximate 
agreement  among  them.  It  is  lumecessary  to  go  into  the  discussion  of 
the  theory  at  greater  length,  since,  when  thus  extended  and  transcen- 
dentalizetl,  it  obviously  ceases  to  have  any  practical  value.  As,  how- 
ever, the  student  may  wish  to  know  what  were  the  ultimate  results 
arrived  at,  I add  the  table  of  the  systems  given  in  Mr.  Hopkins’s  address, 
in  which  the  centre,  to  which  the  bearings  of  the  lines  were  referred, 
was  Bingerloch  on  the  Rhine  : — 
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System. 

Orientations 
reduced  to 
Bingerlocli. 

Regions  in  which  Systems  exist. 

L Vend6e  .... 

N.  14*  Sy  W. 

J * ' 

La  Vendee,  Brittany. 

II.  Finlsterrc 

E.  12*  21'  N. 

Brittany,  Normandy,  Sweden,  Finland. 

III.  Longmynd  . 

N.  31*  15'  E. 

The  Longmynd,  Brittany,  Normandy, 
Saxony,  Sw^en,  FiulamL 

IV.  Morbihan.  Lower  Silu- 

W.  45*  38'  N. 

Brittany,  jxissibly  In  nuiny  other  places. 

rian,  Upper  Silurian,  Tlle- 
stoue. 

V,  Westmoreland  and  Hunds- 
ruck.  Old  Hed  Sandstone 
(Devonian),  Carboniferous. 

E.  31*  30'  N. 

Wales  and  adjoining  English  counties, 
Westmorol.md,  the  Grampians,  Ire- 
land, Eifel,  Nassau,  the  V'osges, 
France,  Bohemia,  Scandinavia. 

VI.  Ballons. 

Millstone  Grit. 

W.  16*  35'  N. 

Manv  places  in  Great  Britain  ami  France. 
Extends  to  Old  Red  Sandstone  of 
Norway,  and  Devonian  and  Carboni- 
ferous rocks  of  Russia. 

VIL  Forez  .... 

N.  11*  W. 

Several  ]>arts  of  France.  Dudley?  Cross 
Fell?  Derbyshire? 

VIII.  North  of  England. 
Rotlieliegendcs, 
Magnesian  Limestone. 

N.  2*  30'  E. 

Central  ridge  from  Derbyshire  northwards, 
Malvern  Hills,  etc.,  Dcjkartnient  of  the 
lioire,  etc.,  in  France,  Island  of  Goth- 
land, North  of  Russia. 

IX.  Netherlands  and  South 
Wales,  Ores  do  Vosges, 
and  Magnesian  Conglo- 
merate of  BristoL 

E.  2*  O'  N. 

Ehetonds  discontinuously  from  the  Elbe  to 
Bride's  Bay,  and  southward  into  Brit- 
tany, South  of  Ireland,  Derbyshire, 
NotherloniLs,  Thuringia,  South  of  Rus- 
sia. 

Vos^  moimtains  and  centre  of  France, 
Dudley,  and  Coal-brook  Dale,  Ireland, 
Scotland,  S«'nndiiuivia. 

X.  Rhine. 
Trias. 

N.  21*  4'  E. 

XI.  Thilringerwald.  Lias 

W.  36*  47'  N. 

ThQringerwald,  France. 

and  J urassic. 

XII.  Mont  Pilatus  and  the 
C(Nto  D’Or.  Lower  Cre- 
taceous. 

E.  sr  65'  N. 

Eastern  and  Northern  ]>art8  of  France, 
Saxony,  Vosges,  England  (Oolitic 
escarpment). 

XIII.  Mont  Viso  and  Plndu.s. 
Wliite  Chalk  and  Num- 

N.  21*  51'  W. 

Mont  Viso  (French  Aljw),  Centre  of 
FYance,  Greece. 

mulitie  fomuition. 

XIV.  Pyrenees.  Eocene  of 
Paris  Rosin,  beneath  OHjs 
de  Fontainebleu. 

W.  23*  3’  N. 

Pyrenees,  Italy,  Sicily,  Greece,  Car- 
pathians, south-east  of  Fhigland, 
(Weald,  etc.) 

XV.  Corsica  and  Sartlinla, 
Or^s  de  Fontalnblcau. 

N.  1*  11'  W. 

Corsica,  Sardinia,  up^r  part  of  Loire  and 
Allier,  Rhone,  Ilun^ry,  Syria,  Rt*d 
Sea, 

XVI.  Isle  ofWight  and  Tatra. 
Calcaire  d'eau  douce 
superieur  (Paris  basin). 

K 4*  32'  N. 

Isle  of  Wight,  Tatra  (a  mountain  south  of 
the  Carpathians),  Greece,  Easteni 
Alps,  Jura. 

XVII.  Erymanthus  and  San- 

E.  22*  18'  N. 

Greece,  France. 

cerrois.  Faluus  de  la 
Tourainc,  Molasse  (cou- 
tainlug  shells). 
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System. 

Orientations 
redueeil  to 
Bingerioch. 

Regions  in  which  Systems  exist. 

XVIII.  Western  Alps.  Ter- 
rain de  transport  aucicn. 

N.  28'  19  E. 

Italy,  Sicily,  Northern  Africa,  Hungarj’, 
Poland,  Crimea,  Asia  Minor,  the 
Hartz,  Cantal  aud  Mont  Dor,  Norway, 
Sweden. 

XIX.  Principal  Chain  of  the 
Alp.s  ^froin  Le  Vallais  to 
Austria).  Diluvium. 

E.  15'  a N. 

South-east  of  England,  North  of  France, 
south-wc.st  of  France,  Spain,  shores  of 
the  Mediterranean,  North  of  Afrtca, 
Atlas,  Cauco-sus. 

XX.  Tcnare,  Etna,  Vcsuvla.s. 

N.  15'46' W. 

Greece,  Italy,  Sicily. 

Any  u ell-informed  geologist,  who  even  casts  his  eye  along  this  table, 
will  feel  that,  however  the  earlier  systems  may  be  open  to  argumejits 
for  or  against,  the  endeavour  to  support  the  later  ones  by  any  fair  show 
of  reasoning,  or  anything  else  but  the  most  arbitrary  assumptions,  must 
be  perfectly  hopeless. 

If  the  present  mountains  of  the  globe  have  in  reality  been  formed 
by  forces  which  were  simultaneously  in  action  over  the  whole  of  it, 
instead  of  now  in  one  part  of  it,  and  now  in  another,  we  are  not  yet  in 
a position  to  discuss  the  law  which  has  regulated  that  action.  It  seems 
much  more  likely,  that  the  forces  residing  in  the  interior  of  the  globe 
have  acted  locally  and  intermittingly,  the  area  of  the  localities  acted  on, 
and  the  times  of  the  acti\’ity,  and  the  pauses  between  them,  having 
been  very  various  but  never  excessive,  the  areas  not  exceeding  those 
which  we  know  to  have  been  simultaneously  affected  by  earthquakes 
during  oiu:  own  times,  and  the  times  of  action  and  repose  being  of 
similar  length  to  those  wth  which  we  are  now  familiar. 

The  earthquakes  which  now  affect  the  surface  of  our  earth  are  Imt 
the  external  symptoms  of  the  occasional  convidsivc  movements  going  on 
at  greater  depths,  those  movements  producing  contortions  or  disloca- 
tions, or  great  curvatures  in  the  rocks  deep  below  the  surface,  such  as 
when  they  reach  the  surface  after  long  equable  elevation  and  great 
denudation  will  shew  exactly  the  same  phenomena  as  we  observe  in  the 
mountain  chains  and  disturbed  districts  now  visible  at  the  surface. 
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MINERAL  VEINS. 

The  local  accumulation  or  deposition  of  minerals  in  parts  of  rocks, 
subsequently  to  the  formation  of  the  rocks  themselves,  is  a very  inter- 
esting and  important  subject,  which  requires  a si)ecial  treatise  for  its 
proper  discussion.  All  that  can  be  done  here  is  to  point  attention  to  a 
few  of  the  principal  facts  connected  witli  it. 

Metallic  Ores  in  Beds. — ^The  ores  of  metals  are  sometimes  found 
to  occur  in  beds.  This  is  especially  the  case  with  the  most  abundant 
of  all  metals,  iron.  The  great  majority  of  rocks  contain  iron,  and  some 
are  so  highly  impregnated  with  it  as  to  make  it  worth  while  to  smelt 
them.  The  so-called  iron-sands  of  the  south-east  of  England  were  at  one 
time  an  important  source  of  iron.  Tlie  principal  sources  now  used  in 
Great  Britain  are  beds  of  clay-iron-ore,  or  beds  containing  nodular  con- 
cretions of  clay-iron-ore,  found  in  the  Carboniferous  and  other  formations. 

Haematite  also  occurs  in  great  bed-like  masses  in  some  places,  as 
near  Ulverstone,  where  a bed-like  mass  20  or  30  feet  thick,  aj>pears 
as  if  interstratified  with  the  Carboniferous  Limestone  (See  Geol. 

Survey,  Iron  Ores  of  Gt.  Britain,  part  1.  Introduction  by  W.  W.  Sinjlh, 

p.  20.) 

Some  beds  of  rock  also  contain  copper-ore  as  a mechanical  deposit, 
mingled  with  the  other  materials  of  the  rock.  The  “ kupfer  schiefer,” 
or  copper  slate  of  Germany,  is  of  this  character,  and  many  beds  of 
sandstone  in  the  upper  part  of  the  Old  Red  Sandstone  of  the  south  of 
Ireland,  contain  considerable  quantities  of  copper-ore  disseminated 
among  them. 

These,  and  such  like  accumulations  of  the  ores  of  metals,  do  not 
properly  belong  to  the  subject  to  be  treated  of  in  this  chapter,  the 
metallic  ore  having  in  them  been  deposited  in  the  same  way  as  the 
other  materials  of  the  bed  or  beds  in  which  it  lies,  either  as  a chemical 
precipitate  or  a mechanical  sediment. 

When,  indeed,  the  metallic  ore  no  longer  remains  in  the  exact  form 
or  place  in  which  it  was  first  deposited  ; but  has  segregated  itself  from 
a state  of  general  dispersion  through  the  mass  of  a rock,  so  os  to  form 
nodules  or  concretions  in  particular  pails  of  it,  like  the  balls  of  clay- 
ironstone  in  many  clays,  or  the  balls  of  fibrous  radiating  iron  pyrites  in 


PIPE  VEINS. 


357 


chalk,  or  the  cubical  and  other  crystals  of  iron  pyrites  in  many  rocks, 
there  is  then  an  obvious  connection  between  such  a phenemenon  and 
those  to  be  found  in  metallic  veins.  This  concretionary  action,  how- 
ever, is  not  confined  to  metallic  ores,  but  is  general  for  all  mineral 
matter,  as  is  shewn  by  the  segregation  of  flints  in  chalk,  chert  in  lime- 
stone, calcareous  concretions  in  clays  and  sandstones,  the  formation  of 
hard  balls  in  shales,  and  that  of  botryoidal  and  other  globular  masses 
in  dolomite. 

We  are  led,  moreover,  by  almost  insensible  steps,  from  the  study  of 
such  molecular  movement  in  the  particles  of  rocks  after  deposition, 
through  other  occurrences,  up  to  the  phenomena  observable  in  mineral 
veins. 

It  often  happens  that  in  breaking  open  balls  of  clay-iron-ore,  crystals 
of  galena  (sulphide  of  lead)  and  of  blende  (sidphide  of  zinc)  are  found 
in  the  cavities  of  the  ball.  Nodular  lumps  of  specular  iron  ore,  highly 
crystalline  and  the  size  of  the  fist,  are  found  sometimes  in  the  Old  Red 
Sandstone  of  the  South  of  Ireland,  and  similar  balls  of  galena  in  the 
Carboniferous  Limestone.  These  are  not  rolled  pebbles,  but  small 
deposits  of  the  minerals  w’hich  have  been  formed  in  little  closed  cavities 
in  the  rock. 

Pijie  Veim. — Much  larger  depositions  of  lead  ore,  and  of  other 
minerals,  occur  occasionally  in  rocks,  filling  up  irregular  ca\ities  that 
have  apparently  little  or  no  connection  with  any  great  fissure.  What 
are  called  “ pij>e  vein.s,”  in  Derbyshire  and  the  North  of  England,  are  of 
this  nature.  Curious  bunches  of  lead  ore  in  such  irregular  cavernous 
spaces,  occur  not  unfrequently  in  the  Carboniferous  Lime-stone.  One 
that  I have  examined  >vith  Air.  R.  J.  Foot,  a little  west  of  Tulla  in 
county  Clare,  shew’ed  an  irregularly  formed  chamber  in  the  limestone, 
apparently  tw’enty  yards  across  in  some  places,  descending  nearly 
vertically,  and  lined  with  an  immense  deposit  of  calc  spar.  Crystals 
of  galena  seem  to  have  been  deposited  together  with  those  of  calcite, 
especially  towards  the  central  j)art  of  the  hollow,  and  to  have  been 
more  or  less  completely  w^orked  out  many  years  ago. 

Several  other  such  casual  deposits  have  been  worked  in  that  neigh- 
bourhood, and  also  in  the  counties  of  Kerry,  Limerick,  Dublin,  and  in 
many  other  places  both  in  Ireland  and  in  Great  Britain. 

Some  of  these  may  possibly  be  connected  with  large  longitudinal 
and  vertical  fissures,  and  may  thus  be  looked  upon  as  enlargements  of 
true  mineral  veins  or  lodes.  Others,  however,  are  certainly  not  so,  but 
mere  local  depositions'  of  crystalline  mineral  matter,  spar  or  ore,  in 
caverns  or  cavernous  spaces  which  were  formed  in  the  limestone,  like 
all  other  caverns,  by  the  erosion  of  acidulous  water. 

True  Lodes  or  Mineral  Veins. — A tnie  “lode”  or  mineral  vein  may 
be  described  as  a large  fissure,  often,  perhaps  always,  a fault,  in  the 
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open  parts  of  which  crystalline  mineral  matter  has  been  deposited.  It 
follows  that  it  is  always  of  long  subsequent  date  to  the  rock  found  on 
each  side  of  it 

In  veins  or  dykes  of  igneous  rock,  we  have  seen  that  they  are  either 
veins  of  segregation  with  or  without  fissures,  or  veins  of  injection^  liquid 
matter  ha^’ing  been  forced  into  fissures,  either  previously  existing  or 
formed  at  the  time  of  injection.  There  is  commonly  in  such  veins  no 
farther  tlislocation  of  the  adjacent  rocks  than  will  allow  of  the  intrusion 
of  the  igneous  matter. 

We  have  also  seen  that  in  “ faults”  the  fissure  w'ill  probably  be 
closed  in  soft  and  easily  compressible  rocks,  while  in  hard  ones  it  will 
often  sUmd  open,  either  wholly  or  in  part,  the  walls  or  sides  of  the 
fissure  being  kept  asunder  by  the  knobs  and  protuberances  which 
result  from  the  irregularities  of  its  form. 

It  is  of  course  quite  possible  that  molten  matter  may  gain  access  to 
such  a fissure,  and  fill  it  up  with  a dyke  or  vein  of  igneous  rock.  If, 
how'ever,  it  be  not  so  filled  up,  it  will  be  ultimately  more  or  less  com- 
pletely filled  with  other  kinds  of  mineral  matter,  and  in  a different 
wav. 

Blocks  and  fragments  of  the  adjacent  rocks  may  fall  into  such  a 
fissure,  and  such  blocks  are  often  found  in  mineral  veins.  If  it  have 
anyw’here  any  open  communication  with  the  surface,  different  matters 
may  be  swept  into  it  by  floods  or  springs.  Branches  of  trees,  gravel, 
sand,  and  clay,  and  other  surface  matters,  have  accordingly  been  found 
in  mineral  veins. 

Besides  these  matters,  however,  thus  introduced  by  mechanical 
causes,  many  minerals  liave  been  chemically  deposited  in  fissures,  and 
it  is  to  these  chemically-deposited  substances  that  we  look  as  the  true 
contents  of  a mineral  vein. 

The  number  of  minerals  found  in  such  veins  is  for  greater  than  that 
of  the  minerals  forming  the  principal  constituents  of  rocks,  for  not  only 
are  there  many  earthy  minerals  in  addition  to  quartz  and  carbonate  of 
lime,  such  for  instance  as  fluor  spar,  barytes,  or  heavy  spar,  strontianite 
or  carbonate  of  strontia,  and  others  w’hich  are  generally  called  spars, 
but  various  ores  of  copi)er,  lead,  tin,  iron,  zinc,  mercuiy,  antimony, 
silver,  etc.  Some  of  these  metals  sometimes  occur  pure  or  native,  and 
gold  is  always  so  found. 

It  is  to  these  metallic  minerals  that  the  miner  of  course  chiefly 
looks,  and  he  generally  speaks  of  the  earthy  minerals,  os  the  gangue, 
matrix,  or  vein  stuff  of  the  “ vein”  or  “ lode.” 

The  mineral  contents  of  a vein  are  sometimes  confusedly  tlispersed 
tlirough  it,  the  “ vein  stuff  ” being  either  cry stalbne  or  amoiq)hous,  and 
the  ore  occurring  either  as  disseminated  crystals  or  nests,  or  as  strings” 
or  “ribs.”  Sometimes  there  appears  a regular  arrangement  of  the 
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various  substances,  the  “ cheeks”  or  “ walls”  of  the  “ lode”  being  lined 
with  a layer  of  crystals  of  one  kind  of  substance,  with  their  points  or 
apices  directed  inwards,  each  of  these  layers  being  covered  by  a crystal- 
line layer  of  another  substance  impressed  by  the  crystals  of  the  first, 
and  therefore  evidently  deposited  upon  it,  and  after  two  or  three  such 
^temations  a rib  of  ore  is  found  in  the  centre  (fig,  102). 

In  other  instances  the  vein  will  be  filled  with  only  one  kind  of  sub- 
stance, sometimes  the  “ vein  stuff,”  sometimes  the  ore. 

Such  structures  as  that  in  fig.  102  seem  necessarily  to  involve  the 
idea  of  successive  depositions  of  the  different  coatings  or  linings  of  the 
vein,  the  central  rib  of  ore  feeing  the  last  or  newest 


Fig.  102. 

«.  Coating  of  one  mineral,  say  quartz. 

h.  Coating  of  a second  mineral,  say  floor  siKir. 

c.  Coating  of  first  mineral,  or  of  a third,  say  snlphatc  of  baryta. 

d.  Rib  of  ore,  as  copper  or  lead. 

U7.  w.  Walls  of  the  lode. 

Assuming,  however,  the  vein  to  have  been  filled  with  an  aqueous 
solution  of  these  minerals,  it  is  not  absolutely  necessary  to  suppose 
them  to  have  been  successively  introduced,  since  all  the  substances  may 
have  been  in  solution  together,  and  circumstances  having  been  favour- 
able at  one  time  to  the  deposition  of  one  substance  and  to  that  of 
another  at  another  time. 

In  some  veins  it  appears  that  after  being  filled  up,  subsequent 
movements  have  taken  place,  causing  fresh  openings,  and  new  deposits 
of  crystals  have  been  formed  in  these  openings.  (See  OeoLRep.  on 
Cornwall,  etc.,  by  Sir  H.  T.  Dela  Beche,  p.  344.)  These  subsequent 
movements  have  often  produced  shining  striated  surfaces,  the  effect  of 
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enormous  friction,  which  ore  known  os  “ slickenside.s but  these  are 
not  confined  to  veins,  since  they  are  found  in  “ faults,”  and  in  broken 
or  contorted  and  fractured  rocks  of  all  kinds,  where  a grinding  motion 
has  been  coinmimicated  to  different  parts  of  the  rock. 

It  commonly  happens  that  in  a district  containing  mineral  veins 
two  sets  of  fissures  can  be  observed,  those  of  each  set  being  parallel  to 
each  other,  and  crossing  the  other  set  at  right  angles,  or  nearly  so. 

In  this  case  the  one  set  are  called  the  “ right  lodes  ” and  the 
other  the  “ cross  courses.”  The  two  sets  of  fissures  may  either  be  of 
contemporaneous  origin  or  one  subsequent  to  the  other. 

If  a mineral  vein  be  inclined  from  the  perpendicular,  and  they  are 
seldom  absolutely  vertical,  and  it  be  traversed  by  any  subsequent 
fissure,  producing  dislocation,  and  therefore  being  a fault,  it  \^dll  follow 
that  the  first-formed  vein  will  be  thrown  up  or  down  by  the  second, 
just  in  the  same  way  as  if  it  were  a bed.  Where  it  appears  at  the 
surface,  therefore,  it  will  api>ear  as  if  it  hatl  had  a lateral  shift,  just  in 
the  same  way  as  a bed  ^vill. 

K at  p.  249  fig.  43  a a be  a vein  instead  of  a bed,  the  explanation 
there  given  of  the  apparently  lateral  movement  of  a a will  equally  hold 
good- 

In  studj'ing  the  intersection  of  fissures  or  veins,  however,  there  is  a 
source  of  error  to  be  avoided  which  could  not  arise  in  the  case  of  a bed 
cut  by  a fault,  since  it  may  happen  that  the  apparent  shifting  at  the 
surface  may  not  be  due  to  any  dislocation  of  one  vein  by  the  other  at 
all.  They  may  both  have  been  pro- 
duced simultaneously,  one  or  the  other 
not  having  been  continued  exactly  in 
the  same  straight  line.  It  may  happen, 
too,  that,  instead  of  h V haAung  cut 
through  and  shifted  a d (fig.  103),  b b' 
may  have  been  the  first  ^rmed,  and 
that  when  a d was  subsequently  pro- 
duced, it  ran  along  b b'  for  a certain 
space  before  it  was  continued  into  the 
“ coimtry”  on  the  other  side  of  it. 

Great  care,  therefore,  is  necessary 
in  examining  the  intersections  of  ‘ 

mineral  veins,  before  deciding  on  the  relative  age  or  on  the  exact  nature 
of  the  dislocations  that  have  caused  or  affecte<l  them. 

Where  “ lodes”  and  “ cross  courses”  occur  together  in  a district, 
their  contents  are  often  different,  one  kind  of  minerals  being  found  in 
one  and  another  in  the  other.  Wliere  the  date  of  the  “ cross  course”  is 
newer  than  that  of  the  “ lode,”  which  is  often  the  case,  it  is  [easy  to 
understand  the  difference  in  their  contents.  When,  however,  the 
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two  veins  are  contemporaneous,  as  sometimes  happens,  it  is  not  so 
easy. 

Sometimes  tlie  cross  courses  contain  no  ores  themselves,  but  the 
parts  of  the  right  lodes  near  the  cross  courses  are  found  to  be  more 
than  usually  rich. 

Both  in  the  north  and  west  of  England  the  “ right  lodes”  run  nearly 
east  and  west,  the  **  cross  courses”  nearly  north  and  south. 

Mod€  of  Deposition  of  Minerals  in  Veins. — Of  the  various  hypo- 
theses proposed  to  account  for  the  origin  of  the  contents  of  mineral 
veins,  none  perhaps  are  altogether  satisfactory.  Mr.  Were  Fox  called 
attention  to  the  fact  of  currents  of  electricity  traversing  veins,  and  there 
appears  no  difficulty  in  supposing  that  if  veins  are  filled  with  water 
more  or  less  acidulated  and  impregnated  with  mineral  solutions,  a great 
natural  “ electro-plating”  process  may  be  set  up,  by  which  different 
minerals  may  be  deposited  at  different  times  or  in  different  parts  of  the 
walls  of  the  lodes.  Where  the  minerals,  how'ever,  and  especially  the 
metallic  ores, ‘are  derived  from,  is  another  question,  whether  directly 
from  original  repositories  below,  or  indirectly  by  segregation,  or  by 
solution  in  minute  particles  from  the  adjacent  rocks.  That  the  fissure 
should  remain  open  for  a great  and  indefinite  period  of  time,  and  that 
its  sides  should  be  hard  rock,  seem  the  two  essential  conditions,  though 
perhaps  the  latter  may  only  be  necessary  to  ensure  the  former. 

The  mineral  contents  of  veins  seem  to  be  by  no  means  permanent, 
even  when  complete,  since  crystals  of  minerals  are  often  found  that 
have  not  their  true  form,  but  the  form  of  some  other  mineral  ; the 
originally  deposited  drystal  having  decomposed  and  been  removed,  and 
the  newer  one  deposited  in  its  place.  Vast  periods  of  time  must  have 
elapsed  for  such  processes  to  have  taken  place. 

It  must  be  home  in  mind  (as  is  shewn  by  Sir  H.  De  la  Beche  in  his 
Report  on  Cornwall  and  Devon,  chapter  xiL,  and  his  Geological  Observer, 
chapter  xxxv.)  that  at  the  time  the  minerals  were  deposited  in  veins 
those  veins  were  probably  beneath  the  sea,  and  also  that  they  were 
covered  with  a great  thickness  of  rock  which  has  since  been  removed 
by  denudation.  The  parts  that  are  now  worked  were  therefore  much 
deeper  in  the  earth  at  the  time  the  minerals  were  deposited,  and  the 
rocks  and  the  water  which  percolated  through  them  had  a much  higher 
temperature  than  they  have  had  since  their  denudation.  The  water 
may  even  have  been  in  the  state  of  vapour.  It  is  clear  that  either  hot 
water  or  steam,  with  or  without  the  assistance  of  electricity,  might  set 
many  chemical  actions  and  reactions  at  work  that  would  be  likely  to 
cause  the  deposition  of  crystalline  minerals.  The  frequent  occurrence 
of  pure  imcombined  silica,  either  os  crystalline  or  amorphous  quartz, 
seems  to  require  the  presence  of  water,  probably  at  a high  temperature. 

The  experiment  of  Mr.  Jeffries,  mentioned  at  p.  50,  shews  that  hot 
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water  traverHng  the  adjacent  rocks  might  dissolve  some  of  the  silicates 
and  dejjosit  the  silica  in  lui  uncombined  state. 

Another  method  by  which  the  minerals  might  be  brought  from  the 
lower  and  more  intensely  heated  iwrtions  of  the  earth’s  crust  is  by 
sublimation.  The  metallic  ort*s  might  gain  access  to  the  lower  parts  of 
deep  fissures  in  a state  of  vapour,  and  be  deposited  on  the  walls  of  the 
fissures  as  the  vapour  rose  to  a cooler  level.  That  this  is  quite  possible 
is  shewn  by  what  takes  ])lace  now  at  smelting  works  and  refineries. 

When  walking  across  the  Allenheads  mining  country  after  the 
meeting  of  the  British  Association  at  Newcastle,  in  the  year  1838,  a 
chimney,  a mile  long,  built  up  the  side  of  a hiU  near  one  of  Mr. 
Beaumont’s  mills  in  the  county  of  Northumberland,  was  pointed  out  to 
me.  It  had  chambei-s  in  it  at  interv^als,  and  it  wjus  said  that  its  exjxjnse 
was  repaid  in  a few  years  by  the  quantity  of  lead  deposited  in  these 
chambers,  which  would  otherwise  have  been  dissipated  in  the  state  of 
vapour  into  the  atmosphere.  It  Wiis  the  noxious  action  of  these  mineral 
vapoui-s  on  the  suiToimding  crops  which  first  necessitated  the  erection 
of  the  cliinmev. 

As  this  happened  so  many  years  ago,  I >vTotc  to  Mr.  Sopwith,  the 
eminent  manager  of  Mr.  Beaumont’s  mines,  respecting  it,  and  in  answer 
I wius  infonned  by  him  that  formerly  “ large  quantities  of  lead  were 
tarried  off  in  the  stiite  of  vapour  and  deposited  on  the  sun'omiding 
land,  where  vegetation  was  destroyed,  and  the  health  of  both  men  and 
animals  seriously  affected.  Tliis  led  to  various  extensions  of  the 
horizontal  or  slightly  inclined  galleries  in  use  at  Mr.  Beaumont's  mines, 
and  the  (piantity  of  leiul  extracted  rajndly  repaid  the  cost  of  construction. 
Tlie  latest  addition  of  this  kind  was  made  at  Allen  Mill,  and  it  com- 
jdeted  a length  of  8789  yards  (nearly  liv'c  mil  as)  of  stone  gallery  (or 
chimney)  from  that  mill  alone.  Tin’s  gallery  is  eight  feet  high  and  six 
feet  wide,  and  is  in  two  divisions  widely  separated  ; one  being  in  use 
during  such  times  as  the  fume  or  deposit  (a  black  oxide  of  lead)  is  taken 
out  of  the  other.  There  are  also  upwards  of  four  miles  of  gallcrj'  for 
the  same  purpose  connected  with  other  mills  belonging  to  Mr.  Beaumont 
in  the  same  district  and  in  Durham,  and  further  extensions  are  con- 
templated. The  value  of  the  lead  thus  saved  from  being  totally 
<lis.sipated  and  dispersed,  and  obtained  from  what  might  be  called 
clUmney  scrapinffs,  con.siderably  exceeds  ten  thousand  poimds  sterling 
annually.  It  should  be  observed,  however,  that  the  mines  of  which 
these  chimneys  or  flues  are  an  appendage,  are  the  largest  lead  mines  in 
the  world,  and  that  the  royalties  or  freehold  rights  of  mining  belonging 
to  Mr.  Beaumont,  in  the  comity  of  Northumberland  alone,  extend  over 
more  than  a himdred  square  miles,  in  addition  to  extensive  hjasehold 
mures  in  the  county  of  Durham.” 

The  fact  that  the  metallic  ores  are  more  frequently  combinations 
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W'ith  sulphur,  arsenic,  etc.,  tlian  with  mere  oxygen  or  carbonic  acid,  i.s 
rather  in  favour  of  their  having  been  sublimed  from  the  interior  of  the 
earth.  In  lo<le.s  containing  copper  it  u.sually  hai)pens  that  the  upper 
part  or  “back”  of  the  lode  has  been  more  or  le.ss  converted  into 
carbonate  of  copper  (malachite)  and  oxides,  while  the  lower  part  con- 
tains sulphides  or  other  combinations. 

The  h}"pothesis  of  sublimation,  however,  does  not  agree  very  well 
with  some  facts  that  are  observable  in  some  mineral  veins.  It  happens 
occasionally,  for  instance,  that  the  very  substance  of  the  rock  on  each 
side  of  the  vein  is  impregnated  v\ith  ore,  little  detacht*d  crystals  of  the 
mineral  occurring  in  tlie  rock,  or  little  streaks  or  strings  of  ore  spreading 
into  it  without  any  ap})arent  fissure  for  their  reception.  Sometimes  in 
the  north  of  England  the  limestone  near  a lead  vein  looks  as  if  made 
up  of  alternate  horizontal  laminae  of  limestone  and  galena,  each  about 
half  an  inch  thick,  the  lamina)  of  galena  gradually  tliiuniug  out  as  they 
])roceed  into  the  body  of  the  limestone.  It  would  have  been  impossible 
for  the  place  of  these  lamina)  of  galena  ev*er  to  hav’^e  existed  as  small 
open  horizontal  fissures,  since  the  lamina)  of  limestone  between  them 
would  have  been  destitute  of  any  support,  and  could  not  have  remained 
without  it. 

The  strings  and  lamina)  of  the  ore  look  more  as  if  they  were  the 
feeders  of  the  vein  than  as  if  they  had  proceeded  from  it.  One  might 
imagine  them  to  Imve  been  dej)osited  in  water  oozuig  from  the  mass  of 
the  rock  into  the  vein,  dissolving  the  limestone,  and  leaving  the  lea<l 
ore  in  its  place,  more  naturally  than  in  any  other  way.  These  hori- 
zontal vT.ins  are  called  “ flats,”  and  they  apiKjar  to  be  sometimes  of  v^ery 
considerable  magnitude,  extending  for  many  yards  into  the  adjacent 
rock.  , 

Occurrence  of  Gold. — The  gi'eat  auriferous  v’eins  of  white  tj[uai‘tz 
(not  quartz  rock)  which  tiav'erse  the  rocks  of  many  parts  of  Austmlia 
and  other  countries,  must  almost  certainly  have  been  formed  through 
the  influence  of  water.  The  gold  is  deposited  in  the  crevices  aiul 
interstices  of  these  quartz  veins,  and  the  nuggets  sometimes  assume 
strangely  fauta.stic  shapes,  like  those  taken  by  molten  leiid  when  i)ouml 
into  water.  This  has  apparently  led  the  gold  diggers  to  suj>pose  that 
the  gold  was  in  a molten  state  when  it  was  deposited  in  the  veins,  a- 
supposition  so  highly  improbable  that  it  does  not  need  serious  refuta- 
tion. What  was  the  exact  metho<l  of  its  formation,  or  what  are  the 
cii-cumstances  which  conduce  to  the  accumulation  of  gold  in  one  locality 
more  than  in  another,  Ls  not  known  to  any  one.  This,  as  a part  of  the 
whole  problem  of  mineral  veins,  must  await  solution  from  the  future 
researches  of  science.* 

• Scientific  men  arc  sometimes  accused  of  raslily  theorising.  ' The  accasation  Is  not  alto- 
gether devoid  of  foundatiou,  though  it  may  oftener  be  brought  with  truth  against  men  who 
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Gold  and  tin  ore  are  often  found  in  sufficient  quantities  in  tlie 
“ drift,”  or  the  loose  clays,  sands,  and  gravels  which  cover  a country,  to 
pay  for  extracting  them  by  washing.  These  are  called  “ stream  works,” 
or  “ washings,”  or  “ diggings.”  The  superficial  materials  which  cover 
the  solid  rocks  are  derived  fir(Hn  the  waste  and  erosion  of  those  rocks,  or 
of  other  rocks  in  the  adjacent  district  The  destruction  of  the  rocks  of 
course  involves  that  of  the  veins  contained  in  them,  and  the  ores  being 
much  heavier  than  the  stonv  materials  of  the  rocks  are  removed  to  less 

V 

distances  than  the  stony  portions.  Large  portions  of  the  eroded  mate- 
rials being  swept  completely  away,  those  that  remain  are  for  this 
reason  comparatively  very  rich  in  the  metallic  portions — richer,  per- 
haps, than  the  mass  of  the  rocks  were  themselves  originally. 

Nature  has  in  this  case  partially  performed  the  very  action  by 
which  man  artificially  extracts  ore  or  metal  from  the  rocks,  poimded 
them  down  and  washed  the  materials  so  as  to  separate  the  heavier  from 
the  lighter. 

Asiociation  of  Minerals  in  Veins.  — The  association  of  different 
minerals  in  different  veins,  may  some  day  throw  more  light  on  the 
nature  of  the  processes  by  which  they  were  deposited.  Werner,  for 
instance,  says  that  galena  or  lead  glance,  cop})cr  pjTites,  blende,  and 
calamine  frequently  occur  together  ; as  also  cobalt,  copper,  nickel,  and 
native  bismuth  ; tin,  wolfram,  tungsten,  inolybdena,  and  arsenical 
pyrites,  etc.  It  appears  that  mjignetic  iron  (the  emery  of  the  gold 
diggers)  generally  occurs  with  gold.  Silver  also  is  commonly  found  in 
lead  ore,  most  usually  in  such  quantities  as  to  make  its  separation  a 
paying  process.  Recent  experiments  of  Dr.  Percy  shew  us  that  minute 
quantities  of  gold  occur  in  almost  all  lead  ores,  as  well  as  in  all  copper 
and  iron  pyrites. 

Rdations  between  contents  of  Vein  and  nature  of  surrounding  Rock. 
— The  relation  between  the  contents  of  mineral  veins  and  the  nature 
of  the  rock  which  they  traverse  is  also  important.  The  lead  veins  of 
the  north  of  England  traverse  limestones,  sandstones,  and  shales,  and 
their  contents  vary  acconling  to  the  nature  of  the  substances  which 
form  the  walls  of  different  jxirts  of  the  “ lodes.”  It  is  even  said  that 
the  “ lodes  ” vary  in  contents  in  different  beds  of  limestone,  but  it  does 

hftTC  only  a popular  reputation  for  science,  than  against  tlioso  whose  clainoa  to  the  title 
are  recognised  Ijy  their  brethren.  If,  however,  partial  or  imperfect  knowledge  sometimea 
indulges  in  vain  or  hasty  speculation,  it  must  yield  the  palm  in  this  respect  to  blank  igno- 
rance. The  flights  of  men  who  arc  unincumbered  by  the  least  particle  of  knowledge  leave 
far  behind  the  aerial  excursions  of  those  who  are  even  slightly  weighted  with  it.  One  gentle- 
man lately  published  a large  book  on  the  gold  mining  districts  of  Australia,  in  which  he 
attributed  the  occurrcuco  of  gold  in  the  drift  of  tliat  country  to  the  disappearance  of  a 
soluble  lava  ! which  had  been  ejected  over  the  whole  country  to  a depth  of  many  hundred 
feet,  and  had  been  subsequontly  melted  away,  and  left  the  particles  of  gold  it  contained 
behind  it. 
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not  appear  that  the  richness  of  a lode  is  constant  for  any  beds  of  limestone. 
When  one  or  both  walls  consist  of  shale,  the  lode  is  alwa}’S  poorest,  but 
this  may  be  the  result  simply  of  the  greater  contraction  of  the  Assure 
and  the  more  imstable  condition  of  its  walla  when  soft  than  when  they 
are  hard. 

In  Derbyshire  the  lead  veins  veins  as  the  true  lodes  are  there 
called,  in  contradistinction  to  the  pipe  veins)  traverse  both  the  Carbon- 
iferous limestone  and  the  contemporaneous  beds  of  igneous  rock  called 
toadstone.  The  very  same  rake  veins  have  been  found  very  profluo* 
tive  in  ore  in  the  limestone,  both  above  and  below  the  toadstone,  while 
where  they  traverse  that  rock  they  never  contain  ore  and  rarely  even 
q>ar.  They  are  indeed  scarcely  at  all  traceable  in  the  toadstone,  the 
walls  of  the  vein  being  close  together  and  only  marked  occasionally  by 
a little  string  or  leader  of  spar  of  some  kind. 

The  greenstone  and  ash  being  tougher  rocks  than  the  limestone, 
it  is  probable  that  the  original  fissure  was  less  open  in  them  than  it 
was  in  the  limestone,  while  it  is  certain  that  water  subsequently  travers- 
ing that  fissure  would  readily  dissolve  its  limestone  walls,  and  thus 
enlaige  the  fissure  between  them,  while  it  would  have  no  such  effect  on 
the  toadstone.  Tliese  facts  are  greatly  against  the  idea  of  the  lead  having 
come  from  below’  into  the  part  of  the  vein  above  the  toadstone,  since 
that  bed  is  very  widely  spread  beneath  the  richest  of  the  old  mining 
districts  there.  The  upper  part,  at  least,  then,  of  these  veins  must  either 
have  derived  their  contents  from  above,  or  must  have  extracted  them 
from  the  adjacent  rocks.  But  there  is  no  perceptible  distinction  as  to 
the  abundance  of  ore,  or  its  mode  of  occurrence  in  the  beds  above  and 
the  beds  below  the  toadstone. 

Fallaciou9  appearance  of  connection  hetxcetn  Age  of  Rock^  or  Igneoxu 
Origin  of  Rocky  and  Occurrence  of  Veins. — The  apj)arent  relation  between 
the  mineral  veins  of  the  British  islands  and  the  age  of  the  rocks  they 
traverse  is  probably  an  accidental  one  only.  Mineral  veins  may  be 
expected  in  all  highly-indurated  and  greatly  fractured  rocks,  whatever 
may  be  their  geological  date. 

Neither  does  the  connection  between  mineral  veins  and  the  oc- 
currence of  igneous  rocks  appear  to  be  better  founded,  than  on  the  pro- 
bability that  igneous  rocks  w’iU  be  most  likely  to  be  found  in  the  same 
indurated  and  fractured  districts  which  we  have  seen  to  be  essential 
for  the  production  of  mineral  veins.  In  most  of  the  mining  districts  in 
which  igneous  rocks  occur,  large  parts  of  the  igneous  rocks  may  be 
shewm  to  be  of  contemporaneous  date  with  the  stratified  rocks  in  which 
they  lie,  and  even  the  intrusive  masses  and  igneous  veins  and  dykes 
were  almost  always  in  existence  before  the  commencement  of  the  fissures, 
w’hich  have,  some  time  after  their  own  formation,  become  the  reposi- 
tories of  minerals,  and  are  therefore  termed  mineral  veins. 
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Mining  districts,  then,  like  Cornwall,  in  which  the  “ lodes  ” oceur 
among  many  masses  of  igneous  rock,  some  of  which,  more  or  less, 
resemble  the  lodes  in  their  mode  of  occurrence,  are  not  the  best  in  which 
to  study  the  subject  of  the  origin  of  mineral  veins,  since  the  student  is 
apt  to  be  misled  into  the  opinion,  that  the  granites  and  elvans  and 
porphjTies  have  an  essential  rather  than  an  accidental  connection  with 
the  lodes.  Tlie  north  of  England,  where  the  rocks  are  of  a much  simpler 
diameter,  forms  a better  tj^ie  of  a mineral  vein  district,  after  observing 
which  the  student  may  examine  the  Cornwall  district,  or  others  re- 
sembling it,  with  less  chance  of  his  being  led  away  by  the  prepossessions 
of  tlie  miners. 

Note.  At  the  Ballycoras  lead  smelting  works,  near  Dublin,  a long  chimney  has  lately  boon 
carried  up  the  side  of  the  hill  for  a distance  of  about  a mile,  the  cost  of  the  construction 
being  repaid  by  the  lead  regained  from  it,  as  in  the  case  of  Mr.  Beaumont’s  mines. 
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THE  ART  OF  MIXING. 

A FEW  words  on  this  subject  may  perhaps  be  useful. 

Bed  Mining, — In  mining  for  coal,  ironstone,  salt,  or  other  strati- 
fied substances,  the  miner  has  to  deal  with  matters  wdiich  occur  in 
regular  order,  occupy  a fixe<l  and  definite  place  in  a series,  and  which, 
in  the  majority  of  instances,  lie  in  the  ground  either  horizonbilly  or  at 
but  a slight  angle  of  “ dip.”  His  object  is  to  extract  as  much  of  the 
bed  as  x»08sible,  and  the  difficulties  he  has  to  contend  with  arc — 

1st,  The  support  of  the  “ roof”  of  the  part  immediately  adjacent  to 
the  place  where  he  is  working,  and  over  the  galleries  and  passages 
which  lead  from  the  “ shaft  ” to  different  parts  of  the  mine. 

2d,  Tlie  influx  of  water. 

3d,  The  ventilation  of  the  mine,  so  that  the  miners  may  have  .suffi- 
cient air  to  breathe. 

4th,  In  the  case  of  coal  mines,  the  foul  gases  which  emanate  from 
the  coal,  viz.,  the  inflammable  carburetted  hydrogen  which  he  calls 
“ fire  damp  ” or  “ sulphur,”  and  the  suffocating  carbonic  acid  which  he 
calls  “ choke  damp.” 

The  roof  is  supported  either  by  leaving  pillars  of  the  bed  which  is 
being  extracted,  or  by  wooden  props,  and  these  are  either  afterw'ards 
removed,  partially  or  completely,  or  left,  according  as  the  roof  may  be 
“ sound”  or  “ tender.” 

Coal  mining  is  generally  conducted  in  one  of  two  ways,  “ the  long 
wall  ” method,  or  the  “ jwst  and  stall  ” methofl.  In  the  former,  the 
miner,  after  reaching  the  extent  of  the  mass  he  is  going  to  get,  works 
back  along  the  whole  width  of  his  coal,  supporting  the  roof  behind  him 
and  over  him  by  wooden  props,  of  which  he  removes  the  farther  row  as 
he  proceeds,  and  allows  the  roof  to  fall  in  over  the  x>art  he  has  left. 
Where  the  roof  is  tough,  this  method  may  be  adopted  without  danger, 
and  in  some  cases  the  roof  wUl  gradually  bend  do>\Ti,  and  the  floor 
gradually  swell  up  so  as  to  meet  it,  and  thus  the  rocks  above  and  below 
the  coal  close  together,  as  if  the  coal  had  never  been  there. 

Tlie  post  and  stall,”  or  “ bord  and  pillar  ” method,  is  more  com- 
plicated. The  whole  bed  of  coal  being  intersected  by  two  systems  of 
galleries  at  right  angles  to  each  other,  and  being  thus  divided  into 
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blocks,  each  block  is  **  got  ” separately,  either  piece-meal  or  at  once,  so 
that  pillars  and  ribs  of  coal  are  left  in  each  space  till  the  veiy  last 
These  are  then  finally  removed  if  it  can  be  done  without  danger,  and 
the  deserted  or  “ gotten  ” part  of  the  mine  is  sometimes  shut  oflf  from 
the  rest  either  by  walls  of  rubbish  or  of  brick  regularly  built 

Care  has  always  to  be  taken  to  keep  up  ventilation  by  carrying  a 
current  of  air  through  every  part  of  the  mine.  For  this  purpose,  there 
are  either  two  shafts,  or  one  shaft  divided  into  two  or  three  compart- 
ments, one  of  which  is  the  “ down-cast,”  or  that  by  which  fresh  air  goes 
down  into  the  mine,  and  the  other  the  “ up-cast,”  or  that  by  which 
the  air  comes  up  out  of  the  mine.  The  air  coming  down  is  carefully 
conducted  along  one  set  of  galleries  or  gate-roads,  and  prevented  from 
having  any  cross  communication  with  the  other  set,  so  that  it  is  com- 
pelled to  travel  into  every  hole  and  comer  of  the  mine  in  order  to 
arrive  at  the  “ up-cast  ” shaft,  where  fires  are  kept  to  cause  it  to  ascend, 
or  other  contrivances  adopted  for  “ sucking  ” it  out  of  the  mine. 

This  current  is  ordinarily  kept  suflSciently  strong  to  carry  off  any 
foul  gases,  though  a sudden  escape  of  fire  |damp  from  some  natural 
reser\'oirs,  or  from  some  old  workings,  sometimes  produces  fatal  results. 
Too  strong  a general  current  is  not  always  ad\’isable,  for  in  some  cases 
the  old  rubbish  contaius  a sufficiency  both  of  iron  pyrites  and  coal  for 
the  generation  of  great  heat  by  deconij^sition,  wluch  too  strong  a j>er- 
petual  current  might  fan  into  combustion  and  “fire  the  mine.” 

Vein  Mining. — In  vein  mining  the  miner  has  to  deal  with  sub- 
stances occurring  verj'  irregularly,  and  according  to  no  fixed  rule  what- 
ever. The  fissures  themselves,  which  subsequently  became  the  receptacles 
of  the  minerals,  are  mere  accidents  ; they  are  cracks  in  the  rocks  which, 
even  in  those  cases  where  their  direction  is  more  or  less  fixed,  may  just  as 
well  have  occurred  in  one  place  as  another.  No  amount  of  investigation 
by  either  miner,  or  geologist,  or  any  one  else,  will  enable  any  one  to  tell 
the  exact  spot  in  which  a mineral  vein  will  occur.  Nothing  but  actually 
seeing  the  lode  itself  will  lead  any  man  to  a knowledge  of  its  existence.* 
When  the  existence  of  a fissure  or  vein  is  ascertained,  its  width 
again  is  accidental ; it  may  be  several  yards  wide  in  one  place,  and  be 
shortly  “ nipped  ” to  a few  inches,  or  to  nothing  at  all,  that  is  to  say, 
the  walls  of  the  fissure  may  suddenly  close  together. 

The  third  accident  is  the  nature  of  its  contents.  A vein  may  be 
wide  and  regular,  but  its  contents  may  either  be  worthless  spar,  or 
valuable  ore,  or  any  mixture  of  the  two.  A mass  of  pure  spar  may 
suddenly  begin  to  contain  ore,  and  in  the  course  of  a fathom  or  two 

* The  etadont  may  safely  act  any  man  down  aa  a pretender  (or  at  least  as  a self-deceiver) 

who  ventures  to  predict  the  occurrence  of  a mineral  vein  by  what  are  called  “ indications," 
unleas  those  indications  include  the  actual  sight  of  a lode  or  a gossany  vein  on  the  back  of 
a lode. 
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the  vein  may  become  very  rich.  A very  rich  vein  may  in  the  course  of 
a fathom  or  two,  either  laterally  or  in  depth,  lose  all  its  richness,  and 
contain  nothing  but  spar. 

For  these  reasons  vein  mining  is  much  more  uncertain  and  specula- 
tive than  bed  mining,  and  no  one  should  ever  attempt  it,  or  even  take 
shares  in  a vein  mining  company  without  being  prepared  for  these  risks. 

Veins  are  usually  much  more  highly  inclined  than  beds,  approxima- 
ting generally  to  the  perpendicular  as  much  as  beds  do  to  the  horizontaL* 
They  are  worked  by  means  of  shafts,  and  horizontal  galleries,  one 
princij>al  drawing  shaft  generally  communicating  with  the  whole  ; the 
climbing  shafts  by  which  the  miners  reach  the  different  parts  of  the 
mine  being  much  shorter,  and  very  numerous,  communicating  W’ith  the 
different  levels. 

The  difficulties  the  vein  miner  has  to  contend  with  are,  in  some 
cases  keeping  the  walls  apart  when  the  ore  is  extracted,  and  in  all  cases 
preventing  the  old  rubbish  of  the  upper  workings  from  rusliing  down  into 
the  deeper  parts  of  the  mine  where  the  present  workings  are  going  on. 

He  is  not  troubled,  like  the  coal-miner,  with  want  of  ventilation  or 
the  escape  of  foul  gases  from  the  rocks  around  him. 

Having  sunk  a shaft  so  as  to  cut  the  vein,  if  tliat  be  at  all  inclined, 
or  sinking  do^m  along  the  vein  in  many  instances,  he  drives  horizontal 
galleries  along  the  vein  at  different  levels,  generally  at  intervals  of  ten 
fathoms,  so  as  to  have  ten  fathom,  twenty  fathom,  etc.,  levels,  and  then 
proceeds  to  cut  away  the  contents  of  the  vein  below'  or  above  each  of 
these  levels,  carrying  it  as  it  is  gotten  along  the  level  to  the  drawing 
shaft.  Then  building  stages  or  platforms  of  wood  to  contain  the  rub- 
bish, at  intervals,  between  the  levels,  and  to  prevent  that  or  other 
matter  falling  from  one  level  to  another,  he  sinks  the  original  shaft 
lower  and  low’er,  continuing  his  galleries  and  cross  cuts,  with  minor 
shafts  communicating  with  them,  and  thus  continues  his  explorations 
sometimes  to  depths  of  as  much  as  half  a mile. 

This  must,  of  course,  be  taken  as  a mere  generalized  sketch  of  the 
mode  of  operation.  Works  in  large  mines  are  going  on  simultaneously 
on  many  different  levels,  and  in  different  parts  of  the  mine. 

The  vein  miner  has  one  difficulty  in  common  with  the  bed  miner, 
namely,  the  influx  of  water. 

In  coal  mines  there  is  usually  one  shaft,  or  one  compartment  of  a 
shaft,  devoted  to  the  pumping  engine.  This  is  placed,  of  course,  on  the 
“ deep  ” part  of  the  colliery,  or  that  towards  which  the  rest  of  the  bed 
to  be  gotten  dips.  The  water  is  then  pumped  up  by  means  of  a steam 
engine,  out  of  a “ siunpf,”  or  hole,  sunk  rather  below  the  bed. 

* The  student  will  of  course  understand  that  beds  may  occur  at  any  angle  whatever,  and 
that  some  l>ods  of  coal  oven  are  worked  at  high  angles,  as  in  the  south  of  Ireland  and  the 
Belgian  coal-fields. 


370 


MIXING  TERMS. 


In  vein  mines  it  is  more  often  possible  and  profitable  to  drive  ail 
“ adit  level,”  or  gallery,  from  some  neighbouring  valley  or  low  ground, 
so  as  to  cut  the  vein  below  the  higher  groimd  which  it  traverses,  and  so 
drain  all  the  part  above  the  “ adit  level.”  "Wlien  the  deeper  parts  of  the 
mine  are  afterwards  “ unwatered,”  the  water  is  pumped  up  to  the  adit 
level  instead  of  up  to  the  surface. 

E.x'jilanation  of  some  Mining  Terms. — The  following  is  a brief 
explanation  of  some  mining  terms  which  the  student  may  meet  with  in 
the  course  of  his  researches  : — 

Adit — The  gallery  or  level  driv’^en  in  from  some  neighbouring  low  ground 
to  cut  a vein. 

After-dam'p  or  Choke-damp — Carbonic  acid  gas,  which  usually  succeeds 
to  an  explosion  of  “ fire-damp  ” in  a coal  mine. 

Attle — The  refuse  of  the  workings  of  a vein  mine. 

Back  of  a lode — The  part  near  the  suiface,  or  that  above  the  adit  level, 
generally  more  or  less  affected  by  weather. 

Board,  or  Brow — The  gallery  in  a coal  mine  wliich  is  cut  across  the  “ face  ” 
of  the  coal. 

Brattice — A wall  of  timber  or  brick,  either  dividing  a shaft  into  com- 
partments, or  erected  across  a gaUery  either  temijorarily  or  p«?r- 
manently. 

Buddie — a trough  for  wasliing  pounded  ore,  and  separating  it  from  the 
gangue. 

Costeaning — Sinking  shallow  pits  at  intervals  down  to  the  solid  rock, 
and  then  dri\’ing  headings  at  right  angles  to  the  general  course  of 
the  veins  in  a country,  for  the  purpose  of  discovering  ore. 

Counter,  Contra,  or  Caunter  Lode — A lode  cutting  a “ right  lode”  obliquely 
between  it  and  the  cross  course. 

Country  or  Ground — Tlie  moss  of  rock  through  which  a vein  runs. 

Cross  Course — A lode  more  or  less  nearly  at  right  angles  to  the  main,  or 
right  running  lodes  of  a district. 

Deads — The  rubbish  left  behind  in  working  a vein  mine. 

Fire-damp — Carburctted  hydrogen  gas,  which,  when  mixed  with  a cer- 
tain proportion  of  air,  becomes  explosive  on  the  application  of 
flame.  In  some  coal-fields  it  is  called  sulphur,  A niLxture  of 
seven  volumes  of  air  to  one  of  fire-damj)  is  the  most  explosive  com- 
pound ; when  the  proportions  vary  considerably  either  above  or 
below’  that  of  7 : 1 the  mixture  is  not  explosive. 

Flucan — A vein  or  sciim  of  chiy,  or  any  impure  argillaceous  substance 
occurring  in  a vein. 

Foot  Wall — The  under  wall  of  an  inclined  vein. 

Ganyue — The  matrix  of  the  ore  in  a vein. 

Gate-road — A g.tUery  driven  along  the  “ face  ” of  the  cool,  a main 
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passage  or  road  in  a mine.  Gate  literally  means  that  through  or 
along  which  you  fjo.  In  many  towns  the  old  streets  are  called 
gates,  not  because  they  lead  to  what  wc  should  now  call  the  gates 
of  a town,  but  because  they  were  the  jdaces  for  yeing  along.  A 
gate  is  properly  a passage,  not  that  which  stops  it. 

Goaf^  or  Gob- — The  more  or  less  empty  space  left  by  the  extraction  of  a 
seam  of  coal. 

Gof)hiii — The  refuse  fragments  left  in  working  a coal  mine,  often  piled 
up  to  support  the  roof  in  the  part  worked  out. 

Gossan — A brown  ochrey  substance,  often  foimd  at  the  surface  jmrt  of 
a lode  ; it  consists  of  oxide  of  iron,  often  in  a powdery  state,  like 
ordinary  iron  rust,  coating  quartz,  or  other  substances  in  the  vein. 

Hade — Tlie  dip  of  a vein  or  fault. 

Hanging  Wall — Tlie  upj)cr  wall  of  an  inclined  vein,  or  that  wldch 
hangs  over  the  miner’s  head. 

Heading — A small  gallery  driven  in  advance  of  a gate  road,  or  for  any 
temporarj’-  purpose. 

Holing — Cutting  under  a bed  of  coal  for  a certain  distance,  so  as  to 
deprive  it  of  support,  and  allow  of  its  falling  down  when  cut  away 
at  the  sides,  or  when  wedges  are  driven  in  at  the  roof. 

Horse — Commonly  applied  by  vein  miners  to  any  large  detached  mass 
of  rock  occurring  in  a vein,  or  lying  between  two  branches  of  a 
vein  : by  colliers  to  any  mass  of  rock  occurring  in  the  coal. 

Jockey  or  Jackhead  Pit — A small  shaft  sunk  in  a coal  mine  for  any 
temporary  purpose. 

KiUas — The  Cornish  term  for  clay  slate,  especially  when  fragile  and 
easily  breaking  into  small  fragments. 

Leader — A string  or  small  vein  which  leads  to  the  main  vein,  or  is  sup- 
posed to  do  so. 

Peach — Any  soft  green  chloritic-looking  substance  in  a vein. 

Pitch — A portion  of  a vein  prepared  and  set  apart  for  working. 

Pit  eye — Coal  left  surrounding  the  bottom  of  a shaft,  so  as  to  prevent 
the  rocks  about  it  or  the  shaft  itself  being  shaken. 

Prian — A Cornish  term  for  soft  white  clay  in  a vein,  which  is  sup- 
posed to  be  a good  indication  of  ore. 

Shoad^tones — Fragments  of  ore  found  in  a stream  below  where  it 
crosses  a vein  ; shoading  is  searching  for  these  stones  in  order  to 
find  the  vein.  Sometimes  the  stream  may  be  banked  up  so  as 
to  make  a small  lake  or  pond,  which  is  then  suddenly  let  loose 
in  order  to  wash  the  l>ed  of  the  stream  bai*e,  and  tlisclosc  any 
veins  or  lodes  that  may  cross  it. 

Stemples — In  Derbyshire,  the  shafts  of  the  vein  mines  are  often  as- 
cended and  descended,  not  by  ladders,  but  by  pieces  of  wood,  called 
stempleSj  fixed  in  the  side  of  the  shaft. 
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Stope,  or  Step — The  parts  of  a vein  in  work  ; one  set  of  men  ha^ong 
proceeded,  another  set  follow  them  and  excavate  the  next  step 
above  or  below  the  first,  according  as  the  slopes  are  overhand  or 
underhand.  Overhand  stopes  are  those  where  the  miners  excavate 
the  stuff  above  a level  by  successive  steps  upwards,  building  stages 
as  they  proceed  in  order  to  catch  the  stuff  as  it  falls.  Underhand 
stopes  are  those  in  which  they  dig  down  below  a level  in  succes- 
sive steps,  likewise  erecting  stages  as  they  proceed,  and  leaving  or 
making  a pennanent  roof  or  covering  to  the  level  below. 

Stowces — In  the  part  of  Derbyshire  known  as  the  King’s  Field,  any  man 
who  can  discover  a vein  has  by  ancient  law  the  right  to  work  it 
He  makes  his  claim  by  fixing  up  a windlass,  or  a small  wooden 
model  or  imitation  of  a windlass,  called  a Stoicee,  which,  if  not  re- 
moved by  the  lord  of  the  soil  within  a certain  short  time,  makes 
him  owner  of  the  mine. 

Tamping — term  used  in  blasting  either  in  a mine  or  a quarry,  to 
signify  the  clay,  sand,  or  rubbish  rammed  down  on  the  powder  in 
a bore  hole,  for  the  purpose  of  preventing  the  powder  from  being 
merely  blown  out  of  the  hole  as  from  a gun,  and  compelling  it 
to  hurst  the  rock  in  which  it  has  been  driUeil. 

Tributers — A Cornish  term  for  men  who  undertake  to  get  a certain 
^ pitch”  of  a vein  for  a per  centage  of  the  profits,  varying  perhaps 
from  a quarter  to  three  quarters,  according  to  the  richness  or  poor- 
ness of  the  vein. 

Tuhling — In  sinking  a shaft  for  a coal-mine,  if  a soft  incoherent  bed 
be  met  with,  or  if  a great  influx  of  water  occur  in  any  beds,  iron 
cylinders  are  built  into  the  shaft,  to  prevent  either  the  inco- 
herent matter  or  the  water  from  falling  into  the  mine  below. 

Tutmen — A Cornish  term  for  miners  who  excavate  any  matter,  either 
rock  or  vein  stuff,  at  so  much  a fathom  or  so  much  a ton — those 
who  work  by  piece-work. 

Underlie — The  inclination  or  dip  of  a vein  or  fault 

Vug — An  occasional  cavity  or  hole  in  a vein. 

Wheal — In  Cornwall,  mines  are  often  called  Wheals,  a way  of  spelling 
the  old  Cornish  name  Huel,  a mine. 

Wbize — In  a vein  mine  what  a jackey  pit  is  in  a coal-mine : a shaft  not 
sunk  from  the  surface,  but  in  the  mine,  to  communicate  between 
the  different  levels.  In  a large  vein  mine,  however,  they  are 
numerous  and  necessary  parts  of  the  workings. 
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PALAEONTOLOGY. 

— ♦ 

CHAPTER  XXUL 

ZOOLOQT  AND  BOTANY. 

Definition, — Pala3ontology  is  the  study  of  “ fossils.”  The  old 
geologists  used  to  include  minerals  or  any  other  distinct  bodies  that 
were  found  in  rocks  under  the  term  of  fossUs.  By  “ a fossil,”  however, 
is  now  meant  the  body,  or  any  portion  of  the  body,  of  an  animal  or 
plant  buried  in  the  earth  by  natural  causes,  or  any  recognisable  im- 
pression or  trace  of  such  a body  or  part  of  a body.*  “ Fossils,”  then, 
are  “ organic  remains,”  inclutling  under  the  woi-d  “ remains,”  even  foot- 
prints, or  other  such  seemingly  transient  impressions,  which  circum- 
stances have  rendered  permanent.  MM.  D’Orbigny  and  Pictet  intro- 
duce into  their  definitions  of  the  word  “ fossil,”  the  time  when  and 
the  circumstances  under  which  this  burial  took  place.  It  appears  to 
me  that  this  is  not  necessary.  Nobody  would  say  that  shells  lately 
thrown  up  on  the  beach,  and  covered  with  sand,  were  buried  in  the 
earthy  while  every  accumulation  of  shells,  or  bones,  or  plants  which 
could  be  said  to  be  buried  in  the  earth  by  any  other  than  human  agency, 
even  if  that  burial  took  place  last  year,  would  be  well  w^orthy  of  the 
attention  of  the  Palaeontologist,  and  might  be,  without  impropriety, 
spoken  of  as  fossil.  Here,  as  elsewhere,  no  hard  line  can  be  drawn  be- 
tween the  present  and  the  past  All  such  terms,  then,  as  sub-fossil 
which  w’e  sometimes  meet  ^vith,  are  inconvenient  and  unnecessary. 

Neither  can  wc  include  in  a definition  of  a “ fossil,”  any  reference 
to  its  present  state.  Some  fossil  shells  found  in  comparatively  old 
rocks,  such  as  the  soft  compact  clays  of  the  oolitic  series,  are  in  fact  less 
altered  horn  their  living  state  than  many  shells  included  in  recent  coral 
reefs.  Wood  again  may  be  foimd  in  such  rocks  still  soft  and  but  little 

* See  Lyell’s  Elemcnt«,  fifth  edition,  p.  4. 
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altered,  while  in  much  more  recent  fomiationSj  it  is  often  entirely 
minemlizcHl  and  converted  either  into  flint  or  into  coal. 

Petrifaction. — Any  substances  firmly  l>uried  in  pure  clay,  not  im- 
prejj^iated  by  any  active  mineralizing  agent,  and  kept  from  the  presence 
of  air  or  water,  may  remain  unaltered  for  an  almost  indefinite  peiiod. 

In  the  majority  of  instances,  however,  the  enclosing  rock  ln\s  either 
itself  conUiined  some  active  substance,  or  has  given  passage  to  fluids 
that  have  contained  one  ; or  again,  the  constituents  of  the  enclosed  body 
itself  have  acted  on  each  other,  or  on  the  surrounding  rock,  and  thus 
the  fossil  has  become  more  or  less  mineralized  or  jyetrife.d^  as  it  is  called. 
We  have  seen  previously  (ji.  159,  et  seq)  that  rocks  themselves  undergo 
gre.at  alteration  in  their  intenial  structure  in  the  course  of  time,  and 
that  minei-als  are  changed  or  metamoq)hosed  in  situ  from  one  into 
another  by  the  gradual  action  of  chemical  laws.  Fragments  of  animals 
and  plants,  deal,  ami  therefore  subject  to  the  inorganic  and  not  to  the 
organic  laws  of  existence,  to  the  mineral  laws,  as  they  might  be  called, 
and  not  to  the  laws  of  life,  must  of  course  be  subject  to  the  same  actions 
as  the  mineral  constituents  of  rocks. 

llie  hard  parts  of  animals,  especially  such  as  bones,  shells,  crusts, 
and  corals,  are  composed  principally  of  those  mineral  substmees  (salts 
of  lime,  etc.)  wliicli  are  most  easily  acted  on  by  the  most  fre([uently 
occurring  chemical  processes.  In  breaking  open  fragments  of  coral  lying 
on  a coral  reef,  the  internal  j>arts  are  very  frequently  found  to  be  filled 
with  a mass  of  crystdline  carbonate  of  lime,  obliterating  or  obscuring 
the  organic  structure.  When  shells  or  corals  are  embedded  in  rock 
percolated  by  water,  it  is  almost  impossible  for  them  to  escape  that 
partial  re-arrangement  of  their  particles  which  shall  give  them  an 
internal  ciystalline  stnicture. 

It  has  been  previously  stated,  p.  160,  that  petrifaction  may  bike 
place  in  two  ways,  which  we  may  call  q^etrifaction  Jy  alteration,  and 
petrifaction  hf  replacement. 

If  the  constituent  particles  of  a body  assume  a ciy'stalline  instead  of 
an  organic  arrangement,  whether  that  change  be  or  be  not  accompanied 
by  a change  in  the  proportions  of  those  constituents,  or  even  by  the 
entire  abstraction  of  one  or  two  of  those  which  are  only  in  small  pro- 
portion, we  may  Ciill  it  petrifaction  hy  alteration 

If,  on  the  other  hand,  the  change  be  a total  one,  or  nearly  so,  so 
that  the  whole,  or  nearly  the  whole,  of  the  constituents  of  the  body  are 
removed  and  replaced  by  other  substance.s  of  a diflercnt  nature,  then  it 
may  be  coWcii  qyetrifaction  hy  replacernent. 

A calcareous  shell  may  be  changed  into  crystalline  lime.rtone  by  the 
first  kind  of  jietrifaction,  or  converted  into  a flint  or  iron  jiyrites  shell 
by  the  second.  Wood  may  be  changed  into  coal  by  the  fii’st,  or  into 
opal  by  the  second. 
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Still,  as  this  conversion  is  a molecular  one,  taking  place  only  in  the 
ultimate  particles  of  tlie  substances,  which  are  of  inconceivable  minute- 
ness, the  organic  stnicturc  is  often  perfectly  j)reserve<.l  during  even  re- 
placement petrifaction,  the  little  intenial  i)ort?s  or  cells  redlining  their 
form  so  completely  as  to  be  recognised  by  the  microscope,  even  in  the 
minutest  fmgment  of  the  fossil.  It  is  ns  if  a house  were  gradually 
rebuilt,  brick  by  brick,  or  stone  by  stone,  a brick  or  a stone  of  a different 
kind  having  been  substituted  for  each  of  the  former  ones,  the  shape  and 
size  of  the  house,  the  form  and  airangement  of  its  rooms,  j)as8ages,  and 
closets,  and  even  the  nuinlKT  and  shape  of  the  bricks  and  stones  re- 
maining imaltered.  Tlie  hollow  sjmees,  however,  in  the  interior  of  a 
fossil,  are  usually  filled  up  either  by  the  substance  of  the  rock  in  which 
it  lies,  which  has  gained  access  to  the  interior  through  natural  openings, 
or  accidental  fractures,  or  else  by  cr}'stalliue  miuemls,  such  as  carbonate 
of  lime,  which  have  percolated  through  the  pores  of  the  walls  surrounding 
the  hollow  sjiaces,  just  as  they  do  into  any  other  cavities  in  rocks. 

It  sometimes  also  hap[Kms  that  the  substance  of  the  fossil  has  been 
altogether  removed,  and  merely  its  “ mould”  or  impression  left  in  the 
rock  that  enclosed  it.  Tliis  mould  or  external  cast,  in  some  instances 
when  the  original  bo<ly  was  a hollow  one,  also  encloses  an  internal  cast 
consisting  of  the  matter  which  gained  access  to  the  interior  of  the  fossil. 

Sometimes  the  fos.sil  is  very  «listinct,  and  can  be  completely  detached 
from  the  matrix  or  njck  in  which  it  is  enclosed.  Sometimes,  on  the 
other  hand,  it  is  so  intimately  unite<l  with  the  matrix,  and  so  blended 
with  the  substance  of  the  rock,  that  we  can  only  observ'e  a section  of  it 
when  the  rock  is  broken  open.  Sometimes  the  fractured  surface  of  the 
rock  must  be  polished  before  we  can  distinguish  the  structure  or  even 
the  outline  of  the  fossil. 

Classification  of  the  Animal  and  Vegetable  Kingdoms. — It  is 
obvious  that  we  must  have  some  knowledge  of  existing  animals  and 
plants,  in  order  rightly  to  4indersUmd  the  facts  of  palceontologj’.  Fo.ssil 
animals  and  plants  are  either  of  the  same  species  as  those  now  living, 
or  of  different  specie.s.  In  order  to  jiscertain  which  of  these  is  true,  M’e 
must  necessarily  know  the  living  sj>ecies  when  we  see  them.  Wliether 
the  sjKicies  of  fossils  be  living  or  extinct,  in  order  to  draw  any  con- 
clusions respecting  them,  as  to  the  place  where  they  lived,  for  insUince, 
and  the  circumstances  under  which  they  were  buried,  we  ought  to  know 
the  habits  of  the  livdng  species  with  which  they  are  identiail,  or  to 
which  they  are  most  nearly  allied. 

No  man  can  become  a palseontologist  who  is  not  also  a biologist 
(botanist  and  zoologist)  ; tmd  no  man  am  become  a thorough  zoologist 
who  ha.s  not  had  that  early  training  in  anatomy  which  falls  to  the  lot 
of  the  metlical  student  only.  To  become  a thorough  palaeontologist, 
then,  a man  must  have  what  is  called  a metlical  education.  Many 
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men,  however,  e%'en  without  this,  make  themselves  masters  of  a par- 
ticular branch  of  the  subject,  but  always  with  difficulty  and  always 
with  a certain  deficiency  of  authority.  Good  palseontologists  are  rarer 
even  than  good  mineralogists.  Still  a certain  amount  of  paheonto- 
k^cal  knowledge  is  more  necessary  to  the  geologist  than  even  a 
smattering  of  mineralogy.  But  in  order  to  acquire  it,  we  must  be  at 
least  aajuainted  with  the  general  outlines  of  botany  and  zoology.  I am 
accordingly  induced  to  insert  here,  for  the  convenience  of  the  student, 
such  an  abstract  of  the  classification  of  the  animal  and  vegetable  king- 
doms as  shall  serve  to  give  him  an  idea  of  the  totality  of  the  organic 
kingdoms,  both  living  and  fossil. 

The  animal  kingdom  w'as  divided  by  Cuvier  into  four  sub-kingdoms : 
Vertebrata,  Mollusca,  Articulata,  Radiata.  Recent  authorities  have, 
however,  divided  it  into  five,  splitting  the  Radiata  into  two,  and  re-ar- 
ranging some  of  its  constituents. 

The  following  classification  is  one  supplied  to  me  by  my  friend  and 
colleague  Professor  Huxley.*  In  perusing  it  the  student  must  guard 
himself  against  taking  its  arrangement  as  strictly  a linear  one.  The 
highest  animals  are  doubtless  placed  first  and  the  lowest  last,  and  this  idea 
of  subordination  runs  throughout ; but  it  is  impossible  to  carry  it  ont 
accurately  in  detail,  since  many  of  the  orders  should  be  arranged  side 
by  side,  or  still  more  properly,  in  circles,  in  order  strictly  to  express 
their  mutual  relations.  Those  orders  and  genera  which  are  entirely 
extinct  are  printed  in  italics. 


KINGDOM  ANIMALIA. 


SUB-KINGDOM  VERTEBRATA. 

PEOVINCE  I.— ABEAKCHIATA. 

Class  L— MAABLABIA 
Sub-class. — Placentalia. 

Alliance  1. 

Order  I.‘  pRiMATEa 

Family  1.  Anthropini 

2.  Catarhini  . , 

3.  Platyrhini  . . 

4.  Arctopithecini 

5.  Prosimii  . , 

6.  Qaleopithecini 

7.  Cbeiromyini 


Man. 

Old  world  apes. 

New  world  apes  except  Marmosets. 
Marmosets. 

Lemurs. 

The  flying  lemur. 

The  Aye-Aye. 


* In  the  flnt  edition  of  thie  work  a great  mistake  was  committed,  and  a great  ix\jastiee 
done  to  Mr.  Huxley.  The  paper  ho  lent  me  was  originally  intended  for  hia  own  use  only, 
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Order  II.  Cheiroptera. 

Sub-order  1.  Inscctivora 
2.  Prugivora 

Order  III.  Insectivora  . 

Order  IV.  Rodentia 

Alliance  2. 

Order  V.  Edentata 

Alliance  3. 

Order  VI.  Sirenia 
„ VIL  Toxodontia  ( ?). 

„ VIII.  Proboscidea  . 

„ IX.  Perissodactyla 
„ X.  Artiodactyla  . 

„ XI.  Cetacea. 

Alliance  4. 

Order  XII.  Carnivora 


. Bat,  vampyre. 

. Flying  fox. 

. Hedgehog,  shrew,  mole. 

. Hat,  hare,  squirrel,  etc. 

. Sloth,  armadillo,  ant-eater. 

. Manatee,  dugong. 

. Toxodon. 

. Elephant,  mastodon. 

. Horse,  rhinoceros,  tapir,  hyrax. 
. Pig,  hippopotamus,  camel,  ox. 
. Whale,  porpoise. 

. Lion,  dog,  bear,  seal 


Sub-class. — Implacentalia 

Alliance  5. 

Order  XIII.  Marsdpialia  . . . Kangaroo,  opossum. 

Da.syurus,  etc. 

Alliance  6. 

Order  XIV.  Monotremata  . . Echidna,  omithorhynchus. 

Note.  No  linear  arrangement  can  be  expected  to  be  natural,  bxit  it  la  believed  that  the 
close  affinity  of  the  orders  grouped  under  each  alliance,  and  their  comparative  distinctness 
from  those  placed  in  other  alliances  cannot  be  disputed. 


Order  I.  Raptores 
„ n.  Scansores 
„ in.  Passeres 
„ IV.  Columbo) 

„ V.  Gallium  . 

„ VI.  Cursores 
„ VIL  Grallm  . 

„ VIIL  Palmijiedes 


Class  IL— 

. Eagle,  hawk,  vulture,  owl. 

. . Woodpecker,  cuckoo,  parrot. 

. Sparrow,  lark,  crow. 

. . Pigeon. 

. Pheasant,  fowl,  turkey,  grouse. 

. . Ostrich,  emu,  cassow'ary,  apteryx. 

. . Crane,  heron,  plover. 

. . Duck,  albatross,  gull,  penguin. 


and  for  a particular  purpose,  and  when  he  lent  it  me,  I promised  to  let  him  see  the  proof- 
sheets  for  correction.  Unfortunately,  these  came  to  mo  when  he  was  in  Switscrland,  after 
great  previous  delay,  and  with  an  urgent  request  that  the  delay  might  not  be  repeated,  and 
they  were  therefore  printed  off  without  his  revision.  For  this  edition  Professor  Huxley  has 
been  kind  enough  to  supply  me  with  a new  classification,  which  embodies  what  be  believes 
to  be  the  most  trustworthy  conclusions  of  investigators  into  thia  subject. 

R 2 
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Class  IH— REPTILIA. 


Order  L Crocodilia 
„ II.  Lacertilia 
„ III.  Ophidia 
„ IV.  Chelonia 
„ V.  Dinosaur  la 
„ VI,  Pterosauria 
„ VII.  Saur&pterygia  . 
„ VIII.  Ichthyopterygia 


Crocodile,  alligator,  gavial. 
Monitor,  chamoeleon,  blindworm. 
Python,  rattlesnake,  viper. 
Turtle,  tortoise. 

TguanodoUf  megalosaurus. 
Pterodactylus,  rhampkorhynch us. 
PUsiosaunis. 

Ichthyosaurus. 


PEOVUrCE  n.— BEANCHIATA. 

Class  IV.— AMPHIBIA. 


Order  1.  Batrachia  . 

„ 2.  Saurobatrachia  . 

„ 3.  Ophiomorpha 

„ 4.  Labyrinihodonta  . 


Frog,  toad. 

Salamander,  menopoma,  proteus. 
CsBciliji. 

Mastodonsaurus^  archegosaurus. 


■ Class  V. — PISCES,  nearly  after  Muller. 


Order  1.  Dipnoi 

„ 2.  Elasmobranchii  . 

„ 3.  Qanoidei  . 

„ 4.  Tcleostei 

„ 5.  Marsipobranchii  . 

„ 6.  Pharyngobranchii  * 


. Lepidosiren. 

{Sharks  and  rays,  or  what  are  com- 
monly called  ciirtilaginous  fish, 
minus  the  Ganoids,  Marsipo- 
branchs,  and  Pharyngobranchs. 

{Sturgeon,  lepidosteus,  amia,  polyp- 
terus. 

J Perch,  cod,  salmon,  and  ordinary  os- 
I seous  fish. 

. Lamprey  and  Hag. 

. Amphioxus. 


SUB-KINGDOM  ANNULOSA. 

PROVINCE  I.— ARTICULATA  or  ARTHROPODA. 

Class  I.— INSECTA. 

Order  1.  Hymenoptera  . . Saw-fly,  ichneumon,  bee. 

„ 2.  Coleoptera  . . . Beetles. 

* Aga.ss5z  arrangc-s  tlie  fish  into  four  orders,  accortling  to  the  structure  of  Uie  scales 
1,  Placolds,  which  includes  the  Elosniobrancliii,  and  some  others  ; 2.  Ganoids,  which  cor 
respond  to  No.  3,  and  some  others ; 8.  Ctonoids,  and  4.  Cycloids,  which  together  nearly  cor 
respond  with  the  fourth  order,  the  Teleostei. 
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Order  3.  Neuroptera 

. . Dragon-fly,  white  ant. 

„ 4.  Strepsiptera 

. Stylops. 

„ 6.  Lepidoptera 

. , Butterfly,  moth. 

„ 6.  Diptera 

. House-fly. 

„ 7.  Orthoptera . 

. . Cricket,  locust,  earwig. 

„ 8.  Hemiptera 

. Bug,  cicada,  aphis. 

„ 9.  Aptera 

. . Flea. 

Class  II.— MYRIAPODA 

Order  1.  Chilopoda  . 

. . Centipede. 

„ 2.  Cliilognatha 

. . Millipede. 

Class  III.— ARACHNIDA. 

Order  1.  Pulmonata . 

. Scorpion. 

„ 2.  Amphipneusta 

. Spiders. 

„ 3.  Trachearia  . 

. . Acarus. 

„ 4.  Pycnogonida  ? 

. P}'cnogoniun. 

CL.LBS  IV.— CRUSTACEA. 

Order  1.  Podophtbalmia 

. . Lobster,  crab. 

„ 2.  Stomapotla 

. . Squilla. 

„ 3.  Edriophthalmia 

. Isopods,  amphipods,  laimodipod.® 

„ 4.  Branchiopoda 

. Daplmia,  apus. 

„ 6.  Copepoda  . 

. Cyclops,  suctorial  Crustacea. 

„ 6.  Ostracoda  . 

. Cythere,  cypris. 

„ 7.  Cirripedia  . 

. . Barnacles. 

„ 8.  Xiphosura  . 

. . King-crab. 

„ 9.  Trilobita  . 

. . Trilobites. 

„ 10.  Eurypterida 

. Eurypterus,  pterygotus. 

PEOVINCE  II.— ANNXILATA. 

Class  V.— ANNELIDA. 

Order  1.  Polychaeta  . 

. Nereis,  serpula,  lob-worm. 

„ 2.  Gephyrea  . 

. Echiurus,  Sipunculus. 

„ 3.  Oligoclioeta . 

. . Earth-worm. 

„ 4.  Discophora 

. . Leech. 

„ 5.  Tardigrada  ? 

. . Arctiscon. 

„ 6.  Sagittida  ? . 

. Sagittii. 
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PEOVIKCE  m.— AKNTJLOIDA. 


Class  VL— SCOLECIDA. 


Order  I.  Trematoda . 


fi 

2. 

Tseniada 

ft 

3. 

Acanthocephala 

ft 

4. 

Nematoidea 

ft 

5. 

Gordiacea  . 

ft 

6. 

Turbellaria 

ft 

7. 

Rotifera 

Class  VIL 


. Fluke, 

. Tape-worm. 

. Echinorhynchus. 

. Thread-worm, 

. Hair-worm, 

. Planaria. 

. Eotifer^  brachioims,  lacimilaria. 
ECHINODERMATA, 


Order  1.  Holothuridea 

„ 2.  Echinidea  , 

„ 3.  Ophiuridea . 

„ 4.  Asteridea  . 

„ 6.  Crinoidea  . 

„ 6.  Bloitoidea  . 

„ 7.  Cystidea 

„ 8.  Edrioatttrida 


Sea-cucumbers,  trepang. 
Sea-urchins. 

Sand-stars. 

Star-fish. 

Feather-star,  stone-lily. 
Pentremites. 

Cryptocrinu*^  Apiocy$tUe$. 
Agelacrimtes. 


SUB-KINGDOM  MOLLUSC  A. 

PEOVINCE  L— ODONTOPHOEA. 


Class  L— CEPHALOPODA. 

S<iuid,  argonaut,  poulpe,  cuttle  fishes, 
heUmnite. 

„ 2.  Tetrabranchiata  . . Nautilus,  ammonite. 

Class  H.— PTEROPODA, 

Order  1.  Thecosomata  . . Hyaljea,  creseis  (dental  imn  7) 

„ 2.  Gymnosomata  . • Clio,  pneumodermon. 


Order.  1.  Dibranchiata 


Class  HI.— PULMONATA. 
Order  1.  Inoperculata  , . Helix,  liiuax. 

„ 2.  Opcrculata . , . Cyclostoma. 


Class  IV.— GASTEROPODA  DKECIA. 


Order  1.  Pectinibranchiata 

„ 2.  Scutibranchiata  . 

„ 3.  Tubulibranchiata 

„ 4.  * Cyclobranchiata 


Whelk,  periwinkle. 
Haliotis  (ear-shell). 
Verraetus. 

Limpet,  chiton. 


* These  four  orders  are  Cuvier’s.  They  are  artificial,  and  must  be  looked  upon  as  pro- 
viaiosal,  until  the  Gasteropoda  are  more  thoroughly  examined.  (T.H.H.) 
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Class  V.— OASTEROPODA  MONCECIA*. 


Order  1.  Nudibranchiata  . 
„ 2.  Tectibranchiata  . 

„ 3.  Inferobrancbiata  . 


Doris. 

Aplysia. 

Diphylliia. 


PEOVINCE  n.— LAMELLIBRANCHIATA. 


Class  VL— CONCHIFERA. 


Orders. 


{No  good  orders  have  yet  been  established, 
neither  Dimyaria  and  Monomyaria,  nor  f 
Pleuroconchs  and  Orthoconchs,  being  good  [ 
natural  divisions.  ) 


Oyster,  mussel, 
cockle,  venus, 
and  all  ordinary 
bivalves. 


PROVINCE  m.— MOLIirSCOIDA. 

Class  VII.— BRACHIOPODA. 

Order  1.  Brachiopoda  articulata  . Terebratula,  leptceruiy  »pirifera 

producta. 

„ 2.  Brach.  inarticulata  . . Lingula,  orbicula,  crania. 


Class  VIII.— POLYZOA. 


Order  1.  Cheilostomata 

„ 2.  Ctenostomata 

„ 3.  Cyclostoniata 

„ 4.  Lophophea 

„ 6.  Pedicellinida 


. Flustra,  eschara. 
. Bowerbankia. 

. Tubulipora. 

. Plumatella. 

. PediccUina. 


Class  IX 


— ASCIDIOIDA. 


Order  1.  Branchialia 
„ 2.  Abdominalia 

„ 3.  Larvalia  . 


. Cynthia,  ascidia. 

. Clavellina,  aplidium. 
. Appendicularia. 


SUB-KINGDOM  CCELENTERATA. 
Class  L— ACITNOZOA. 

Order  I.  Ctcnophora 

. . . Cydippe,  cestum. 

„ 2.  Alcyonaiia 

. . . Alycyonium,  gorgonia,  penna- 

tula,  tubipora. 

„ 3.  Rugom 

. . . CyathophylUim,  cystiphyllwm. 

„ 4.  Zoantharia 

. Actinia,  zoanthus,  antipathes, 
madrepora,  astrsea. 
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Class  IL— HYDROZOA. 


Order  1.  Hydridte  . 
,,  2.  Corvnidso  . 

3.  Sertularidoj 

. . Hydra. 

. Coryne,  tubularia,  eudendrium. 
. Plimiularia,  sertularia. 

4.  Calycophoridco  . 

. . Diphyes,  sphceronectes. 

5.  Physophoridoc 

. Physalia,  velella,  physophora. 

6.  Lucernaridee 

. . Rhizostoma,  cyanoca,  lucemaria. 

7.  Medusideo  . 

. .<Egina. 

SUB-KINGDOM  PROTOZOA. 

PROVINCE  I.— STOMATODA. 

Class  L— INFUSORIA. 

ParamcDcium,  vorticella,  aciiieta,  noctiluca. 

PEOVIKCE  II.— ASTOMATA. 

Class  I. — SPONGIDA 
Spongilla,  halichondria,  tethya. 

Class  IL— RHIZOPODA 

Order  1.  Lobosa  ....  Amoeba. 

„ 2.  Radiolaria  . . . Thalassicolla ,♦  dictyocha, 

acantliomctra,  actiiiophrj's. 

„ 3.  Reticularia  . . . Gromia,  rotalia,  nummuUtes, 

miliola. 

Class  III.— GREGARINIDA. 

Gregarina. 

[IncertcB  sedis^  Mycetozoa  ( ?)  • • CEthaliimi.] 

It  ifl  less  necessary  for  the  geologist  to  understand  the  details  of  the 
cla.ssification  of  the  Vegetable  Kingdom,  and  I shall  tlierefore  give  only 
its  great  sub-divisions,  taken  from  the  programme  of  the  lectures  in  tlie 
Museum  of  Irish  Industry. 


• “ Marine  jelly,"  from  the  Greek  wonls  “ Thalassa,"  tlio  sea ; and  “ Kolia,"  jelly. 
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Class  L— THALOGENS. 


Order  1.  Alg® 

„ 2.  Fungi 

„ 3.  Lichens 

„ 4.  CTiaracete  . 


Examples. 

Sea-weeds. 

Mu.shroom.s,  etc. 

Tree  and  stone  mosses,  etc. 
Cliara,  etc. 


Order  1.  Hepatic® 
2.  Musci 


Class  II.— ANOGENS. 

. Liverworts. 
. . . Mosses. 


Class  HI.— ACROGENS. 


Order  1.  Lycopodiace® 

„ 2.  ^larsiliace® 

„ 3.  Ecpiisetace® 

„ 4.  Filices 


. Club-moss,  etc. 

. Pepper- worts,  etc. 
. Horse-tails. 

. Ferns. 


Class  IV.— ENDOGEXS. 


Order  1.  Gluniifcr® . 

„ 2.  Petaloide®. 

„ 3.  Dictyogen® 

Class  V. 

Order  1.  Apetal®. 

a.  Gymnosperms  . 
h.  Angiospemis 
„ 2.  Corolliflor® 

„ 3.  Calyciflor® 

,,  4.  Thalomiflorro 


. Grass,  etc. 

. Banana,  orchis,  palms,  lilies, 
scrcw-])ines,  etc. 

. Yam,  smilax. 

EXOGENS. 

. Pine,  cypress,  cycas,  etc. 

. Spurge,  nettle,  oak,  elm,  etc. 

. Himrose,  convolvulus,  lieath, 
etc. 

. Dandelion,  campanul®,  rose, 
pea,  etc. 

. Crows- foot,  popi)y,  geranium, 
etc. 


Of  the  above  cla.sses,  I.,  II.,  III.,  form  the  C'ryptogamia,  and  IV.  and 
V.  the  Phaneroganiia  of  Linn®us — the  Acotyledons  and  Cotyle<lons  of 
some  authors — while  I.  and  II.  constitute  the  Cellulares,  and  III.,  IV., 
and  V.,  the  Vasculares  of  other  authors. 
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Distribution  of  Animals  and  Plants.  — Every  one  is  acquainted 
with  the  obvious  fact,  that  the  individuals  of  the  different  species  of 
animals  and  plants  are  not  indiscriminately  scattered  about  the  earth, 
but  that  those  of  each  kind  are  naturally  limited  to  a particular  region, 
of  which  the  species  is  commonly  said  to  be  the  native.  Palm  trees, 
bananas,  and  pine  apples,  do  not  grow  in  the  open  air  in  temperate 
zones ; nor  apples,  barley,  or  potatoes,  on  the  low  lands  of  the  tropica. 
The  polar  bear,  and  the  lion,  the  reindeer,  and  the  camel,  the  musk  ox, 
and  the  giraffe,  do  not  inhabit  the  same  regions. 

If  we  ask  why  these  different  species  cannot  live  beyond  certain 
limits,  the  answer  would  be,  that  a climatey  different  from  that  in  which 
they  now  live,  would  not  he  suitable  to  them.  We  arrive  then,  first  of  all, 
at  the  conclusion  that  the  limitation  of  species  depends  upon  variations 
in  climate;  that  is  to  say,  upon  the  physical  conditions  of  different 
regions. 

This  restriction  of  certain  species  to  particular  areas,  by  the  action 
of  surrounding  circumstances,  however,  gives  us  no  explanation  of  a 
still  more  remarkable  phenomenon  in  the  distribution  of  species,  which 
is,  that  in  different  parts  of  the  earth  which  have  climates  essentially 
alike,  the  species  of  animals  and  plants  are  often  very  different.  There 
is,  for  instance,  a much  greater  difference  in  the  species  of  animals  and 
plants  inhabiting  the  borders  of  Europe  and  Asia  and  those  living  in 
corresponding  latitudes  in  the  centre  of  North  America,  than  there  is 
between  the  climates  of  the  two  regions.  In  like  manner,  the  animals 
and  plants  inhabiting  South  America,  South  Africa,  and  Australia,  differ 
far  more  from  each  other  than  do  the  climates  of  those  countries.  We 
may  speak  of  this  distribution  of  species  as  the  result  of  sporadic  (or 
scattered)  origin. 

It  will  l>e  necessary  to  devote  a little  space  to  the  examination  of 
the  principal  facts  connected  ^^^th  these  two  kinds,  modes,  or  princi- 
ples of  distribution. 

Land  and  Ocean  Climates. — H we  ascended  from  the  level  of  the 
sea  near  the  equator,  u])  the  sides  of  a lofty  mountain  to  the  regions  of 
perpetual  snow,  we  should  pass  in  a few  miles  through  the  same  varia- 
tions in  climate  as  if  we  travelled  along  the  sea  level  to  the  arctic  or 
antarctic  circles.  The  variation  m the  species  of  animals  and  plants 
would  also  be  similar  in  the  two  journeys.  The  difference,  indeed, 
would  be  chiefly  in  the  rate  of  change,  hundreds  of  feet  vertically,  pro- 
ducing an  effect  equal  to  that  caused  by  hundreds  of  miles  laterally. 

Meyen  makes  eight  vertical  botanical  regions  imder  the  equator,  as 
follows : — 
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Region  of  perpetual  snow,  with  no  plants 

1.  Region  of  Alpine  Plants  . . . . 

2.  Region  of  Rhotlodemlrons 

3.  Region  of  Pines  . . . . . 

4.  Region  of  European  Dicotyledonous  trees  . 

5.  Region  of  Evergreen  Dicotyledonous  trees 

6.  Region  of  Myrtles  and  Laurels 

7.  Region  of  Tree  Fenis  and  figs  . 

8.  Region  of  Palms  and  Bananas  . 


Height  in 
Feet. 

16,200 

14,170 

12,150 

10,140 

8,100 

6,120 

4,050 

2,020 

0 


As  each  of  these  vertical  regions  ranges  north  and  south,  it  descends 
towards  the  level  of  the  sea,  and  forms  a zone  surrounding  the  earth  ; 
the  eighth  region  forming  the  e(|uatorial  zone,  15°  broad  on  each  side 
of  the  e«iuator  ; tlie  st^venth,  the  two  tropical  zones,  each  8°  broad ; the 
sixtli,  the  two  subtropiad,  1 1°  broad ; the  fifth,  the  warmer  temperate 
zones,  11°  broad  ; the  fourth,  the  colder  temperate  zones,  13°  broad  ; 
the  third,  the  subarctic  zones,  8°  broad  ; the  second,  the  arctic,  1 2° 
broad ; and  the  first,  the  |)olar  zones,  1 2°  broad.  Tliese  zones  are 
bounded,  however,  by  isothernial  lines,  rather  than  parallels  of  lati- 
tude, so  that  the  width  of  some  of  them  varies  in  different  j)arts. 

A similar  change  of  climate  takes  place  as  we  descend  vertically 
into  the  sea,  and  a similar  consequent  change  in  the  sjx'cies  of  animals 
and  plants.  Tlii.s  wa.s  first  clearly  shewn  by  Edward  Forbes,  during  his 
researches  in  the  Egean  Seas.  The  change  as  we  descend  into  the  sea 
is,  however,  modified  by  the  increase  of  water-pressure  being  more 
rapid  as  we  descend  into  it,  than  the  decrease  of  atmospheric  pressure 
is  in  a.sctuiding  into  the  air,  ainl  by  the  loss  of  light  in  the  depths  of  the 
sea  (light  being  suppose<l  to  cease  entirely  at  700  feet),  to  which  there 
is  notliing  corresponding  in  the  heights  of  the  atmosphere. 

E«lward  Forbes  divided  all  seas  into  five  vertical  spaces,  which  he 
called  zones  (not  regions),  as  follows ; — 

1.  Littoral  zone,  the  sjwice  between  high  and  low- water  mark,  or  where 

there  i.s  no  tide,  the  water’s  edge. 

2.  Tlie  circum-littoral  zone,  from  low- water  mark  down  to  about  15 

fathom.s. 

3.  Tlie  median  zone,  from  15  to  about  50  fathoms. 

4.  The  infra-median  zone,  from  50  to  about  100  fathoms. 

5.  Tlie  abyssal  zone,  from  100  fathoms  to  the  greatest  depth  to  which 

life  could  continue  to  e.vist. 

lie  likewise  arranged  marine  life  into  nine  homoiozoic  belts  (or 
belts  of  similar  life),  surrounding  the  globe,  and  also  bounded  by 
isothermal  lines,  one  central  or  equatorial,  and  four  on  e^ich  side  of  it 
which  he  called  circum-central,  neutral,  circum-polar,  and  polar.  Each 
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of  these  belts,  however,  had  its  vertical  zones  as  above,  and  did  not 
merely  coiTcspond  with  one  of  them,  like  the  botanical  regions  and 
zones  of  MeyeiL — {JoknstovUs  Physical  Atlas^  editim.) 

There  is,  indeed,  a difl’erence  even  in  the  distribution  of  temperature 
in  the  two  oceans  of  air  and  water  which  surroimd  the  earth,  arising 
partly  fn>m  the  tlifference  in  tlieir  physical  constitution,  and  partly  from 
their  limitation  in  space.  Tlie  ocean  of  air  that  surrounds  the  earth  is 
interrupted  but  for  very  slight  spaces  near  its  lower  surface,  where 
there  happens  to  be  great  irregularity  in  the  vertical  or  relief  form  of 
the  land  on  which  it  rests.  The  loftiest  mountains  or  table  lands 
penetrate  but  a short  distance  up  into  the  atmosphere.  The  ocean  of 
water,  however,  not  only  rests  on  an  irregular  base,  but  is  included 
within  a very  irregular  bed,  its  free  circulation  being  continually 
impeded  and  deflected  by  large  parts  of  that  bed  rising  completely 
above  it,  and  fonuing  dry  land.  Even  if  we  supposed,  however,  the  sea 
to  form  as  regular  an  envelope  to  the  earth  as  the  air  does,  there  would 
nevertheless  be  a diflerenoe  in  the  distribution  of  their  temperatures. 

We  may  regard  the  distribution  of  mean  temperature  in  the  air, 
under  the  figure  of  shells  or  regularly  arclied  strata,  superimposed  one 
over  the  other,  the  hottest  surrounding  the  earth  about  the  equator,* 
the  next  spreading  over  that,  and  the  next  over  that,  and  so  on,  each 
shell  having  a less  mean  temi)erature  than  the  one  imdemeath  it. 
In  fig.  104,  let  C be  the  centre  of  the  earth,  and  the  blank  semi- 


A 


circular  space  over  LCL  represent  a section  of  half  the  solid  part  of 
the  globe.  Let  the  line  CEbe  in  the  direction  of  the  equator,  and 

* The  equator  of  lu;at,  i.e.,  the  circumfereuce  of  greatest  mean  temperature,  does  not 
exartly  coincide  with  tlie  true  equator  of  the  earth. 
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the  line  P L C L P be  the  polar  axis  of  the  earth,  P P being  the  p^)les 
and  let  the  semicircle  PEP  represent  the  surface  of  the  supposed 
imiform  ocean  of  water,  the  depth  of  which,  P L,  is  enormously  exag- 
gerated. Let  the  semicircle  AAA  represent  the  extreme  limits  of 
the  atmosphere,  quite  as  much  exaggerated  in  height  as  the  sea  is  in 
depth.  Then  the  arched  lines  over  PEP  will  represent  sections  of 
the  supposed  shells  of  decreasing  temperature  in  the  atmosphere,  the 
hottest  l)eing  the  lowest  just  over  E.  Tlie  lofty  mountain  over  E will 
penetrate  all  these  shells,  its  summit  being  just  in  that  stratum  of  cold 
which  in  its  gradual  descent  reaches  the  sea  level  about  the  poles. 

About  the  equatorial  regions  of  the  earth,  or  in  the  neighbour- 
hood of  E,  the  decrease  of  temperature  as  we  descend  into  the  sea  will 
take  place  in  the  same  way  as  it  does  in  ascending  into  the  air.  Tliere 
wdll,  however,  be  a limit  to  this  decrease  in  the  sea,  unlike  an}i;hing 
that  we  know  of  in  the  air.  Taking  the  mean  temperature  of  the 
water  at  the  level  of  the  sea  about  the  equator  as  82°  Fahrenheit,  there 
wdll  be  inveited  shells  or  saucers  of  cooler  and  cooler  water  beneath 
that  till  we  come  down  to  a depth  of  about  7200  feet,  when  we  shall 
have  a temperature  of  about  39.5°  Fahrenheit.*  This,  however,  is  the 
temperature  of  the  maximum  density  of  water,  and  therefore  all  the 
water  below'  that  depth  must  be  of  thiit  same  temj)erature,  for  if  any 
particle  of  w'ater  below  were  made  either  hotter  or  colder,  it  would 
become  lighter,  and  therefore  float  up  to  this  level.  But  keeping  in 
mind  the  figure  of  saucers  or  shells  of  water,  it  will  be  apparent  that 
this  stratum  of  39.5°  Fahrenheit,  will  somew’here  rise  up  te  the  upper 
surface  of  the  sea,  or  sea  level.  This  w'ould  probably  take  place  about 
latitudes  56°  or  57°,  and  proceeding  towards  each  pole  from  those  lati- 
tudes, there  iniLst  be  siiucers  of  colder  and  colder  W'ater,  one  upon  or 
inside  each  other,  imtil  the  w'ater  becomes  eventually  converteil  into 
ice  (see  fig.  104).  In  the  polar  regions,  therefore,  the  temperature  of  the 
water  will  Increase  as  w'e  descend  (instead  of  decreasing,  as  about  the 
equator),  until  w'e  again  come  down  to  the  stratum  of  39.5°  Fahrenheit, 
which  is  believed  to  lie  at  a depth  of  about  4500  feet,  in  latitude  70°. 

Such  being  the  nonnal  distribution  of  mean  temperature  in  the 
atmosphere  and  the  ocean,  let  us  briefly  examine  the  modifying  effects 
of  the  various  movements  caused  partly  by  the  orbital  motion  of  the 
earth  with  its  inclined  axis  round  the  sun,  and  partly  by  its  rotation 
on  that  axis. 

As  the  earth  rofcites  on  its  axis,  the  atmosphere  and  the  ocean  of 
course  move  with  it. 

From  the  nature  of  circular  motion  it  is  clear  that  the  more  distant 
from  the  axis  of  the  rotating  body  any  point  may  be,  the  greater  w'ill 
be  the  circle  it  describes  during  each  rotation.  A point  on  the  e([uator, 
• Somen-ille’s  Phys.  Gcogr.,  chap.  rvL  Sir  J.  norschcU’s  Meteorologj’,  p.  Sy. 
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then,  will  describe  a larger  circle  during  the  twenty-four  hours  than  a 
point  on  the  latitude  of  20“,  40°,  60°,  or  80°.  If  a man  travelled 
round  the  globe  on  the  equator,  he  would  make  a journey  of  nearly 
25,000  miles  ; if  he  cuuld  travel  round  it  along  latitude  80°,  hia 
journey  would  be  little  more  than  4300  miles. 

Similarly  on  any  given  latitude,  a point  deep  in  the  sea  will  describe 
a less  circle,  and  a point  high  in  the  air  will  describe  a greater  circle 
than  any  of  the  ]x»ints  between  them. 

It  follows  that  if  any  body  of  air  or  w’ater  be  moved  vertically 
upwards  or  downwards,  or  travel  directly  towards  the  equator  or  the 
poles  north waixls  or  southwards),  it  will  have  not  only  that  abso- 

lute motion,  but  a relative  motion  eastwards  or  westwaixls  conseciuent 
on  the  eastward  movement  of  rotation  by  the  part  it  arrives  at  being 
faster  or  slower  tlum  tliat  of  the  ])art  it  left. 

Now  the  sim’s  nxys  arc  hottest  where  it  is  vertical,  and  they  cause 
a vertical  motion  in  the  air  beneath  it  in  consequence  of  the  expansion 
produced  in  that  air  by  the  lieat  communicated  to  it,  either  directly  or 
by  contact  witli  the  earth,  so  that  the  air  becomes  lighter  and  floats 
upwards.  Similarly,  the  water  of  the  sea  is  made  warmer,  and  there- 
fore lighter,  beneath  the  vertical  sun,  and  a greater  portion  is  removed 
thence  by  evaporation  from  its  surface.  Air  and  water,  therefore,  are 
both  sucked  up  by  the  sun  to  a greater  extent  where  it  is  vertical  than 
elsewhere.  This  vertical  transference  of  aii‘  and  water  produces  a direct 
north  and  south  motion  in  the  parts  just  outside  the  sj»ace  sucked  up, 
as  they  must  rush  in  in  onler  to  supply  the  place  of  that  which  is 
being  removed  ; and  these  vertiaxl,  and  ilirect  north  or  south,  move- 
ments aie  partly  turned  aside  in  consequence  of  the  rotation  of  the 
earth.  Tims  are  ])roduced  those  cuiTents  in  the  air  which  are  called 
the  tnule  winds,  aiul  the  counter  westerly  winds  outside  the  tropics. 
And  thus  the  surface  of  the  ocean  is  set  in  motion  by  currents  whicli 
arc  only  not  so  regular  m the  trade  winds,  in  consequence  of  the  Lnter- 
ruj)tions  in  the  circulation  of  the  water  arising  from  the  iutei-position 
of  laud.  Tlie  very  motion  in  the  air  itself,  too,  blowing  along  the  sur- 
face of  the  water,  contributes  towjinls  the  pixxluction  of  a current  in  it. 

As  the  sun  is  never  vertical  over  the  same  spot  tw’o  days  in  succes- 
sion, except  just  at  the  solstices,  but  travels  backwards  and  forwanls  over 
the  centnd  belt  of  the  earth’s  surface,  in  consequence  of  the  axis  of  the 
earth  being  inclined  to  its  orbit,  it  follow's  that  the  place  where  these 
motions  are  generated  is  similarly  movable,  and  oscillates  during  the 
year,  now'  on  one  side  and  now  on  the  other  of  the  equator. 

The  irregular  distribution  of  land  and  water  likewise  affects  the 
position  of  the  original  moving  impulse,  in  consecpience  of  the  dilference 
in  the  heating  pow'er  of  the  sim’s  mys  on  a laud  surface  and  a w'ater 
surface,  and  the  difference  in  the  respective  pow  ers  of  radiation  pos- 
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8C88e<l  by  these  two  surfaces.  This  cause  goes  to  the  extent,  in  some 
localities,  of  setting  up  local  centres  of  motion  in  the  air,  which  shift 
their  place  according  to  season,  or  the  place  where  tlie  sun  happens  to 
be  vertical,  thus  producing  monsoons,  or  local  periodical  winds,  instead 
of  tnule  winds. 

The  variations  in  altitude  of  different  parts  of  the  land  produce  still 
farther  modifications  in  the  air  currents. 

Tlie  complicated  machinery  thus  set  in  motion  over  the  central 
regions  of  the  earth  causes  motion  throughout  the  whole  extent  of  the 
two  oceans  of  air  and  water  that  surround  the  earth.  A regular  system 
of  circulation  is  set  up  both  in  the  atmosphere  and  the  sea,  its  regularity 
being  continually  inU^rrupted  and  disturbed  by  the  irregular  outline  of 
the  land  and  sea  surface,  and  the  irregularities  in  the  relief-forms  of  the 
land,  and  to  some  extent  in  those  of  the  bed  of  the  ocean. 

It  thus  haj>pens  that  the  climate  of  any  part  of  the  earth’s  surface, 
either  terrestrial  or  marine,  depending  primarily  on  its  latitude  and  its 
altitude  or  depth,  is  also  governed  to  a great  extent  by  its  position 
with  respect  to  the  hot  or  cold  currents  of  air  and  water,  and  also  by 
its  proximity  or  othei^vise  to  neighbouring  great  irregularities  of  sur- 
face, and  the  aspect  of  these  irregularities. 

The  important  element  of  temperature  has  been  graphically  repre- 
sented by  means  of  what  are  called  isothermal  lines,  pointing  out  the 
mean  temperature  of  different  places,  either  for  the  whole  year  or  for 
the  summer  and  winter  months  of  the  extra-tropical  regions.  Tlie 
latter  are  often  more  important  than  the  former,  since  it  is  ob\ious 
that  two  places  may  have  the  same  mean  annual  temperature,  and  yet 
jxissess  very  different  climates.  One  place,  for  instance,  might  have  a 
mean  winter  temperature  of  50®  and  a summer  one  of  70®,  wliile 
another  might  have  a mean  winter  temperature  of  20°  and  a simimer 
one  of  100°,  and  yet  both  have  a mean  annual  temperature  of  60°. 

Vario\ts  degrees  of  Climate  Influence. — Different  species  of  plants 
and  animals  are  differently  affected  by  climate,  some  being,  by  their 
constitution,  adapted  for  only  one  |)eculiar  kind  of  climate,  and  perish- 
ing if  they  are  moved  lieyond  it,  while  others,  more  hardy,  will  sur- 
vive, and  some  even  flourish  almost  equally  well,  through  many 
different  kinds  of  climate.  Man,  and  his  companion  the  dog,  are  the 
animals  which  witlistand  best  abnost  any  amoimt  of  change  in  this 
respect 

Food  to  be  included  in  Climate. — It  is  olnious  that  when  speak- 
ing of  the  influence  of  clbnate  on  })lauts  or  animals,  it  is  necessary  to 
include  foo<l  in  the  idea  of  climate,  because  if  the  mere  temperature 
and  other  circumstances  be  ever  so  suitable,  they  will  perish  without 
food.  Minerals  are  the  food  of  plants,  together  with  water  and  air, 
w’hicli  are  essential  both  for  themselves,  and  inasmuch  as  they  dissolve 
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other  snhstances,  and  thus  prepare  them  for  use.  Animals  feed  either  on 
j)lants  or  on  other  animals.  Before  plants  can  exist,  then,  in  any  pait  of 
the  earth,  or  could  come  into  existence  on  the  earth  at  all,  air  containing 
ciirhoiiic  acid  gas,  and  water  containing  dissolved  minenil  matter,  must 
have  existed.  In  like  manner,  before  plant-eating  animals  could  exist, 
a sufficient  stock  of  plants  for  their  food  must  be  in  existence,  and  a 
sufficient  stock  of  plant-eating  animals,  before  other  animals  lived  that 
were  to  be  supported  by  feeding  upon  them. 

It  must  be  recollected  that  this  is  true  of  marine  and  fresh  water, 
as  well  as  of  terrestrial  beings. 

Destruction^  partial  or  entire,  of  Species  of  Plants  and  Animals, — 
The  fact  of  the  adaptation  of  species  of  plants  and  animals  to  peculiar 
climates  (including  food  in  the  idea  of  climate),  involves  the  necessity 
of  the  destniction  of  species  as  a consequence  of  an  alteration  in  climates. 
If  from  any  physical  changes,  such  as  those  which  we  learn  from  Lyell’s 
Princi])les  of  Geology  to  be  taking  place  continually  in  some  locality  or 
other,  sea  be  converted  into  land,  or  land  into  sea,  deep  water  into 
shallow,  high  land  into  low,  or  the  reverse  of  those,  such  changes  must 
involve  the  destruction  of  many  of  the  species  inhabiting  the  areas  so 
changed,  or  of  all  of  them,  according  to  the  amount  of  change.  Some 
of  those  species  may  have  been  limited  to  the  areas  thus  affected,  if  so 
their  destruction  will  be  complete,  unless  they  shift  their  habitation 
during  the  progress  of  the  change,  and  establish  themselves  in  new 
areas.  Both  total  extinction  and  local  extinction  may  thus  be  caused, 
the  latter  being  the  rasult  either  of  the  partial  destruction  of  an  inha- 
bited area,  or  the  result  of  migration  from  an  area  totally  destroyed. 

Another  soui-ce  of  destruction  is  the  removal  by  physical  change  of 
a barrier  that  once  existed  between  the  areas  of  two  species,  of  which 
one  is  more  ]>owerful  than  the  other,  and  destructive  to  it  when  both 
are  inhabitants  of  the  same  area. 

One  plant  may  thus  outgrow  and  ovenvhelm  another,  or  a plant- 
eating  animal  may  usurp  the  food  of  another  plant-eating  animal,  or  a 
flesh-eating  species  may  prey  upon,  and  directly  destroy  another  species 
of  animal,  or  indirectly  destroy  it  by  usurjnng  its  food.* 

Add  to  these  causes  the  efl’ects  of  blights  and  murrains,  or  epidemic 
diseases  among  plants  and  animals,  and  we  have  enumerated  all  the 
most  obvious  causes  of  the  extinction  of  species. 

It  seems  to  follow  from  these  premises,  that  if  physical  causes  of 

• One  .<«peoio.s  seems  sometimes  to  be  animated  by  pure  hostility  to  another,  ns  in  the 
ease  of  the  black  and  brown  rats.  The  old  En^'lish  or  black  rat  was  said  at  one  time  t<i  l>o 
univcriMd  in  our  islands  ; whetlier  it  ever  spread  beyond  them  I am  not  aware,  but  the  rat 
which  is  now  common,  and  called  the  brown  or  Norwcffian  rat,  is  said  to  have  i)ecn  intro- 
duced, an«l  to  have  almost  entirely  extirpated  the  other.  Tl>e  black  rat  still  exists,  how- 
ever, in  some  remote  comers,  ns  I can  answer  for  its  having  been  the  common  rat,  if  not 
the  only  rat,  in  Bantry  about  the  year  1854. 
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change  were  left  to  act  for  an  indefinite  time  upon  the  life  of  the  globe 
without  any  renovation  of  that  life  by  the  introduction  of  new  species, 
the  whole  world  would  ultimately  be  tenanted  only  by  the  comparatively 
few  more  hardy  species  which  coidd  survive  all  these  changes  ; and  it 
seems  also  to  follow,  that  wherever  two  parts  of  the  globe,  however  dis- 
tant, had  similar  climates,  we  should  find  in  them  the  same  species  of 
animals  and  plants. 

Sporadic  origin  of  Species. — A species  of  plant  or  animal  ap- 
parently consists  of  the  descendimts  of  some  one  individual,  or  pair  of 
individuals,  that  originated  on  some  spot  of  the  earth’s  surface.  Thes<^ 
spots  are  called  specific  centres,  because,  as  the  descendants  multiplied, 
they  spread  themselves  in  all  directions  round  them  as  far  as  time  and 
climate  (tliat  is,  all  the  surrounding  circumstances)  would  allow.  These 
originating  spots  or  centres  seem  to  have  been  scattered  broadcast  over 
the  world.  Every  large  area  of  the  world  has  been  found  to  be  fertile 
in  species  of  animals  and  plants  peculiar  to  it,  and  some  very  small 
areas,  such  as  little  islands  remote  from  any  other  land,  or  detached 
lakes  and  seas,  have  in  like  manner  been  found  to  be  inhabited  by 
species  wliich  did  not  exist  anywhere  else. 

We  cannot  escape  the  conclusion,  that  either  direct  creation,  or  the 
action  of  some  principle  of  variation  and  multiplication  of  forms  has 
been  in  frequent  or  continuous  operation  in  all  parts  of  the  globe,  both 
on  land  and  in  the  water. 

Schouw  divided  the  globe  into  twenty-five  botanical  regions,  in  each 
of  which  at  least  one  lialf  of  the  knoAvn  species,  a quarter  of  the  genera, 
and  some  individual  families,  were  peculiar  to  that  region,  and  found 
nowhere  else.  These  regions  are  scattered  variously  over  the  globe,  but 
they  admit,  as  she\\Ti  by  Meyen,  of  on  arrangement  into  zones,  each 
zone  surrounding  the  earth,  and  including  regions  in  which,  although 
the  plants  are  distinct,  yet  they  are  more  like  and  more  nearly  allied  to 
each  other  than  those  of  other  zones.  Not  only  are  the  regions  of  plants 
in  each  of  these  zones  similar  to  each  other,  but  there  is  another  kind 
of  similarity  in  those  of  corresponding  zones  in  the  opposite  hemispheres, 
so  that  the  plants  may  be  said  to  be,  although  entirely  distinct,  repre- 
sentative of  each  other. 

The  evergreen  forest  trees,  for  instanefe,  of  the  northern  warmer 
temperate  zone,  are  represented  by  other  evergreen  forest  trees  in  the 
south  wanner  temperate  zone,  each  latitudinal  zone  still  having  its  dis- 
tinct vertical  region  of  plants,  as  before  described. 

Some  particular  species  of  plants  are  confined  to  very  small  areas. 
Small  islands,  for  instance,  such  as  Madeira  and  Teneriflfe,  have  species 
of  ])lants  which  are  found  nowhere  else.  I recollect  being  shewn  a 
violet  on  the  moimtain  of  the  Peak  of  Teneriflfe,  which  was  said  only  to 
occur  on  that  particular  mountain. 
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In  the  Canary  Islands,  generally,  out  of  533  species  of  phcenogam- 
ous  plants,  310  are  peculiar  to  them.  On  St.  Helena,  out  of  thirty  native 
species  of  phtenogamous  plants,  only  mie  or  tiro  exi.st  in  any  other  part 
of  the  globe.  In  the  little  archipelago  of  the  Galapagos  Islands,  there 
are  a hundred  species  of  flowering  plants  found  only  in  those  islands, 
some  only  on  some  of  the  islands  and  not  on  the  others.  {Humboldt 
and  Daririiiy  as  quoted  by  LyelL  Princ.,  chap.  xx.\viii.) 

The  same  rules  hold  good  in  the  animal  kingdom. 

Edward  Forbes  arranged  the  marine  life  of  the  globe,  especially  the 
Fish,  Mollusca,  and  Radiata,  into  twenty-five  pro^’inces,  ranging  along 
all  the  coasts  of  the  globe,  each  of  his  Homoiozoic  belts  containing  one, 
tw’o,  or  more  of  these  provinces  as  they  sweep  round  the  globe. 

Milne  Edwards  in  his  Histoire  des  Cru.stac(*e8  had  previously 
sketched  out  somewhat  similar  provinces  as  inhabitetl  by  diflerent 
groups  of  species  of  Crustacea,  and  similar  arrangements  could  be  shewn 
to  be  practicable  with  other  classes  of  animaks. 

Tlie  boundaries  of  these  various  ])rovinces  or  regions  are  sometimes 
very  well  marked.  This  is  especially  the  case  w^herever  any  strong 
natural  feature  occurs,  such  as  the  separation  of  two  land  provinces  by 
a chain  of  inaccessible  mountains,  or  by  a narrow  and  deep  sea,  or 
that  of  two  marine  provinces  by  a narrow^  neck  of  land,  or  the  meet- 
ing of  a warm  and  cold  current  of  W’ater.  At  other  times  mljacent  pro- 
vinces may  be  more  or  less  blended  into  each  other,  so  that  it  is  diificult 
to  say  where  one  ends  and  the  other  begins. 

M.  Barrande,  in  his  “ Parallele  entre  les  depots  Siluriens  de  Bohemc 
et  de  Scamlina\de,”  has  some  very  instinctive  remarks  on  the  close 
approximation  of  widely  distinct  marine  provinces.  Wherever  two 
spaces  of  sea  are  separated  by  a narrow  neck  of  land,  uniting  countries 
which  stretch  far  and  without  interruption  tlirough  diflerent  climates, 
we  may  have  totally  diflerent  species  within  a few  miles  of  each  other. 
This  happens  at  present  in  the  instances  of  the  Isthmus  of  Suez  and 
Isthmus  of  Darien. 

In  the  first  case,  according  to  the  best  authorities,  there  are  no 
species  of  Fish  or  Crustacea  conmion  to  the  Red  Sea  and  the  Mediter- 
ranean, w'ith  the  exception  of  a few  cosmopolitan  species  ; neither  are 
there  any  species  of  Molluscs  common  to  the  tw'o  seas,  with  a few 
doubtful  exceptions  ; while  with  regard  to  the  Zoophytes,  this  is  true 
without  any  exception  at  tdl. 

In  the  second  case,  on  the  authority  of  M.  Alcide  D’Orbigny,  there 
are  110  genera  of  Mollusca  on  the  two  coasts  of  South  America,  of 
which  fifty-five  aie  common  to  the  Pacific  and  Atlantic  Oceans  ; thirty- 
four  peculiar  to  the  Pacific,  and  tw'enty-one  peculiar  to  the  Atlantic, 
Tliere  is,  therefore,  a generic  corresiiondence  to  the  extent  of  one  half ; 
that  half  being  probably  the  most  important,  and  containing  the  greatest 
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number  both  of  species  and  individuals.  But  these  110  genera  con- 
tain 628  species,  and  of  these  one  only  is  to  be  found  common  to  the 
Atlantic  and  Pacific  Oceans. 

Examples  of  the  Geographical  Limitation  of  Animals  as  proving 
their  Sporadic  Origin. — In  order  not  to  leave  the  reader  wth  mere  dry 
abstract  gimeralizations,  it  may  be  advisable  to  mention  a few  of  the 
best  known  and  niost  marked  examples  of  the  limitation  of  certain 
species  and  genera  of  animals. 

a,  Fish. — The  sea-fish  vary  greatly  in  different  parts  of  the  world. 
The  cod,  the  turbot,  and  the  sole  are  peculiar  to  the  Arctic  seas 
and  the  adjacent  parts  of  the  Atlantic.  The  salmon  accompanies  them, 
but  runs  down  the  western  coast  of  North  America  as  far  as  the 
Columbia  River,  while  in  Europe  it  is  never  foimd,  I believe,  in  any 
river  running  into  the  Mediterranean  or  Black  Sea.  The  tuiinv  and 
other  Mediterranean  fish  are  in  like  manner  unkno\ni  in  the  Atlantic. 

The  fresh-water  fish  are  equally  limited  in  some  parts  of  the  world. 
In  New  South  Wales,  the  large  cod-perch,  as  it  is  called,  is  found  only 
in  the  rivers  rimning  down  the  western  side  of  the  eastern  coast  range, 
and  not  on  the  eastern  side  of  that  range. 

b.  Birds. — Perhaps  the  most  striking  facts  of  limitation  of  species, 
however,  are  those  occurring  among  birds  ; whose  powers  of  easy  and 
rapid  locomotion  seem  to  place  the  whole  world  at  their  disposal. 

Some  birds  do  range  over  very  large  jrarts  of  the  earth,  but  others 
are  limited  to  the  smallest  territories.  The  red  grouse  of  our  owm 
islands  is  not  known  to  exist  in  any  other  portion  of  the  earth.  The 
nightingale,  which  visits  the  south-east  of  England  during  the  summer, 
and  abounds  then  in  Cambridgeshire,  and  extends  even  to  Northampton, 
stops  at  a certain  line,  running  thence  down  into  Dorsetshire,  and  is 
never  heard  to  the  north-west  of  that  line. 

Perhaps  there  is  no  more  striking  instance  of  the  restriction  of 
species  to  narrow'  limits  than  that  observed  by  Mr.  Danvin  in  the  Gala- 
pagos, and  descrilxid  in  his  Naturalist’s  Journal.  Here  W'e  have  a small 
cluster  of  islands  all  volcanic,  and  all  therefore  of  the  same  character, 
and  all  nearly  under  the  equator,  and  therefore  enjoying  the  same 
climate,  and  yet  not  only  have  they  a fauna  and  flora  distinct  from  that 
of  the  rest  of  the  world,  but  different  species  are  found  in  the  different 
islands,  making  the  group  into  a little  w'orld  of  its  own,  a satellite,  as 
it  were,  of  the  great  American  continent.  The  animals  and  plants  bear 
the  American  stamp,  resembling  those  of  America  more  than  those  of 
any  other  part  of  the  world ; they  are,  however,  specifically  and  even 
generically  distinct.  Tlie  islands  contained  no  mammal  except  one 
small  mouse,  but  numerous  reptiles,  snakes,  lizards,  and  tortoises,  some 
of  the  lizards  being  marine,  and  the  only  living  species  of  their  class 
that  inhabit  the  sea,  and  the  large  land  tortoises  being  also  of  very 
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IKJCiiliar  forms.  Among  twenty-six  species  of  land  birds,  only  one  is 
known  elsewhere,  and  some  even  of  these  were  absolutely  confined  to 
particular  islands,  although  some  of  those  islands  were  within  sight  of 
each  other. — {Darwin^ 8 Naturalises  Journal) 

Returning  for  another  instance  to  Australia,  we  find  that  there  are 
peculiar  species  of  parroquet  and  other  birds  in  Victoria,  South  Australia, 
and  Swan  River,  differing  from  eacli  other  and  from  those  of  New  South 
Wales,  while  many  of  the  latter  range  along  the  whole  stretch  of  the 
eastern  coast,  from  40®  S.  lat.  to  witliin  10®  or  12®  of  the  equator. 
The  same  species  in  this  case  seem  to  cling  to  one  range  of  high  land, 
even  though  stretching  through  different  climates,  while  they  do  not 
cross  the  intervening  plains  on  to  other  momitain  ranges,  although  they 
are  in  the  same  latitudes,  and  enjoy  tlie  same  climates  as  the  eastern 
coast  range. 

The  Dodo  that  inhabited  the  Mauritius,  and  was  exterminated  by 
the  Dutch,  and  the  large  and  beautiful  Norfolk  Island  and  Philij)  Island 
parrots,  each  confined  to  its  little  spot  of  earth,  and  exterminated  by 
the  English  convicts,  are  conspicuous  instances  of  the  restriction  of 
large  birds  to  small  spaces,  and  their  consequent  extinction  on  the  in- 
troduction of  the  hostile  species — man. 

The  hummmg-birds  afford  excellent  examples  both  of  great  range 
in  some  species,  and  of  close  restriction  in  others.  Humming-birds  are 
peculiar  to  the  American  continent,  they  are  found  over  the  whole  of 
it  from  Cape  Horn  to  Russian  America.  A small  blazing  red  species 
(called  Sal^porus  rufus),  ranges  from  Mexico  to  Sitka,  On  the  other 
hand,  the  one  called  Oreotrochilus  Chimbonrzo  is  only  found  on  the 
mountain  from  which  it  takes  its  name,  and  only  between  the  altitudes 
of  12,000  feet  and  15,000  feet  above  the  sea,  another  called  Oreo- 
trochdus  Picldncha  is  only  found  between  the  altitudes  of  10,000  and 
14,000  feet  upon  Pichinca.  Ercocnemus  Derbianus  has  never  Ijeen 
found  except  in  the  crater  of  the  volcano  of  Puraci. — {From  information 
communicated  hy  Mr.  Qould.) 

Tlie  ostriches  and  their  allies  are  equally  remarkable  as  exhibiting 
the  organization  of  different  sjiecies  of  birds,  all  imable  to  fly,  in  so  many 
different  parts  of  the  earth.  The  ostrich  proper  {Struthio  camelus)  in- 
habits Africa  and  Arabia.  In  south  America  there  are  Uvo  species  of 
ostrich,  one  {RJiea  Americam)  inliabiting  the  eastern  plains  north  of 
the  Rio  Negro,  the  other  {Rhea  Darwinii)  the  plains  of  Patagonia,  In 
Australia  we  have  the  Emeu  {Dromaius  novee  Hollandia),  in  New 
Guinea  and  the  neighbouring  islands  the  Cassow^ary  {Casuarius  yalea- 
tus)y  and  another  8j)ecies  from  New  Britain,  and  in  New  Zealand  the 
Ayteryx  and  the  recently  exterminated  Dimrnisy  of  w'hich  Owen  says 
there  must  have  been  twelve  species.  There  was  another  bird  also  (called 
yEjnjronii)  in  Madagascar,  now  known  chiefly  by  its  eggs,  one  of  which 
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would  have  held  148  eggs  of  the  common  fowl,  {(hcen^s  address  to 
the  Brit.  Assoc,  at  the  Leeds  Meeting) 

It  is  impossible,  os  Ow'en  remarks,  to  suppose  that  all  these  different 
species  of  birds  that  can  neither  fly  nor  swim,  nor  endure  severe  climates, 
could  have  spnmg  from  one  common  Asiatic  centre,  according  to  the 
generally  received  hypothesis  of  the  origin  of  species.  It  is  also  equally 
diflicult  to  understand  why  that  strange  anomaly,  a bird  imable  to  fly, 
should  have  been  developed  by  any  physiological  law,  such  as  Darwin’s 
doctiine  of  variation,  in  so  many  independent  localities,  though  that 
objection  might  perhaps  be  met  by  the  supposition  of  the  gradual 
breaking  up  and  sejwiration  of  once  continuous  land,  so  that  a non-flj'ing 
bird  once  produced,  might  afterwards  vary  into  many  different  kinds  of 
non-flying  birds  in  the  different  separated  areas  derived  from,  or  from 
time  to  time  connected  with,  the  original  area. 

As  a contrast  to  birds  that  cannot  fly  at  all,  we  may  instance  many 
oceanic  birds  who  seem  to  pass  their  lives  upon  the  wing,  and  yet  never 
or  very  rarely  overstej)  certain  limits.  In  the  south  Indian  Ocean, 
between  the  Cape  of  Good  Hope  and  Australia,  the  sea  is  always  alive 
with  birds  south  of  latitude  31°  or  32°,  wdile  to  the  north  of  that  line 
none  are  seen  except  an  occasional  tropic  or  frigate  bird.  Towards 
the  south  flocks  of  albatros.ses  and  cape  pigeons  seem  as  if  always  ac- 
companying the  vessel  in  its  course,  the  cajKi  j)igeons  always  busy  about 
the  ship,  W'hile  the  great  albatross  {Diomedea  exulans)y  and  the  still 
more  numerous  dusky  species  {D.  fuliginosa)  ever  sweep  in  steady  curA’ es 
between  the  ship  and  the  horizon,  now  sailing  close  by  the  rigging  and 
eyeing  the  persons  standing  on  the  poop  and  then  gliding  out  of  sight 
ahead,  as  if  the  vessel  w’ere  at  anchor.  If,  how’ever,  the  ship  turn 
towards  the  north  and  pass  the  limit  mentioned  above,  all  these  hosts 
of  birds  disappear  at  once,  nor  are  they  ever  seen  again  till  the  navi- 
gator return  to  the  south  when  he  finds  fresh  flocks  as  if  awaiting  his  arrival. 

c.  Mammalia. — We  find  similar  restrictions  as  to  the  areas  inhabited 
by  species  or  groups  of  species  among  the  highest  class  of  animals,  namely, 
the  mammalia  In  the  Arctic  regions,  indeed,  w’e  find  many  animals, 
such  as  the  musk  ox,  the  polar  bear,  and  the  night  northern  whale,  and 
others,  both  terrestial  and  marine,  common  to  the  whole  circle.  But  as 
w'e  travel  south,  and  the  lands  and  seas  begin  to  diverge  from  each 
other,  the  animals,  even  in  corresponding  latitudes  and  simihir  climates, 
soon  iKJcorae  diverse.  The  black  and  grizzly  bears  arc  American  only, 
the  brown  bear  is  an  old  world  inhabitant  only.  Still  farther  south, 
the  puma  and  jaguar  of  America  represent,  but  are  veiy  difl’erent  from, 
the  lion  and  the  leopard  of  the  Old  World.  Tlie  camels  and  dromedaries 
of  the  Old  World  are  similarly  represented  by  the  llamas  and  guanacoes 
of  the  New ; and  each  groat  division  of  the  globe  is  inhabited  by  many 
different  species  of  deer  and  other  corresjxjnding  animals.  Tlie  monkeys 
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may  be  divided  into  three  groups,  the  Catarhini,  belonging  to  the  old 
world,  the  Platyrhini,  to  the  new,  and  the  Strepsirhini,  most  of  which 
belong  to  Madagascar. 

There  are,  however,  many  groups  of  animals  wholly  confined  to  one 
of  the  great  divisions  of  land. 

No  true  pig  (Sus)  was  a native  of  America,  the  peccaries  (Dicotyles) 
are  American  only.  Tliere  are  now  no  representatives  in  the  American 
continent  of  the  elepliants,  rhinoceroses,  hippopotami,  or  giraffes  of  the  Old 
World,  while  the  sloths  {Bradi/pui),  the  aiiteaters  {Mprmecophagtui)^ 
and  the  armadillos  {Dasppiui)^  are  not  met  with  out  of  America.  There 
is  indeed  a jMingolin  {Manis)  in  Africa,  and  another  in  Asia,  and  an 
Orpcteropus  in  Africa,  othenvise  the  whole  order  of  Edentata  would  be 
entii-ely  American. 

There  is,  however,  a still  closer  restriction  among  the  species  of 
each  of  these  animals.  One  s]>ecie8  of  elephant  is  }>eculiar  to  Africa, 
and  another  to  India,  and  perhaps  a third  to  Ceylon  and  Sumatra. 
Tliera  are  three  species  of  double-horned  rhinoceroses  in  South  Africa, 
and  one  in  the  island  of  Sumatra,  Java  ha\dng  another  with  only  one 
horn.  Thei'e  are  different  species  of  sloths,  anteaters,  and  armadillos 
in  different  regions  of  South  America. 

The  Marsupial  animals  are  now  confine<l  to  Australasia,  with  the 
exception  of  one  genus,  the  didelphys  or  true  opossum,  which  is 
American  only,  some  of  its  sjKJcies  being  restricted  to  very  narrow 
limits.  In  Australasia  the  Marsupials  of  New  Guinea  are  entirely  and 
some  of  them  widely  distinct  from  those  of  AiLstralia  proj)er,  and  in 
Australia  itself  the  kangaroos  and  wallibis,  and  phalangers  are 
different  in  different  parts  of  the  countrj*.  Mr.  Gilbert,  who  was  col- 
lecting for  Mr.  Gould,  and  unfortunately  lost  his  life  in  Dr.  Leichardt’s 
first  expedition,  informed  me,  when  I met  him  at  Swan  River,  that  xsith 
the  exception  of  the  Echidna,  or  so  called  Australian  porcupine,  he  had 
not  been  able  to  find  a single  animal  or  a single  bird  among  all  those 
he  had  collected  in  Western  Australia  that  was  identically  the  .same  as 
any  in  New  South  Wales.  Tlie  les.ser  island  of  Tasmania  has  the  two 
largest  and  most  powerful  carnivorous  Marsujjials  absolutely  peculiar 
to  it,  tlio.se,  namely,  winch  are  called  the  Native  Tiger  (Thylacinus 
cynocephaliLs),  and  the  Devil  (Sarcophilus  (Da.syurus)  ursinus). 

That  strange  animal,  the  duck-billed  Platypus,  or  Ornithorhynchus 
paradoxus,  apjiears  to  be  confined  entirely  to  the  south-eastern  comer 
of  Au.straliji. — See  Oiren's  Presidential  Address^  previously  citedj  John- 
ston's Physical  Atlas,  etc.,  etc.,  etc.) 

Generic  Centres  and  Districts. — That  any  one  sjiecies  should  be 
confined  within  certain  limits  round  its  point  of  origin  .seems  natural 
or  inevitable  as  the  direct  result  of  the  action  of  climate,  or  the  physical 
limitation  of  the  land  or  water  area  in  which  it  came  into  existence. 
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It  ifi,  however,  very  worthy  of  notice,  that  those  groups  of  allied 
specie-s,  which  we  call  genera,  are  equally  circumscribed. 

Why  should  different  sjHJcies  of  opos.suin  {Diddphys)  have  originated 
in  America,  side  by  siile  with  each  other,  and  nowhere  else  ? Why 
should  different  species  of  kangaroo  {Macropug)y  and  other  marsupial 
genera  liave  originated  iu  Australia  or  Australasia,  and  in  no  other 
part  of  the  world  i 

If  the  limits  of  a species  be  the  natural  result  of  tlie  descent  of  the 
individuals  composing  it  from  a common  mother,  (hxis  not  the  limita- 
tion of  a genus  point  eqmilly  to  descent  from  a common  species  ? The 
same  question  might  be  asked  as  to  the  limitation  of  the  different 
genera  comprising  a fiunily  or  order,  making  allowance  for  the  obvious 
condition  that  the  hirger  the  group  of  sjxicies  (genus,  family  or  order) 
the  laixcr  is  the  area  likely  to  be  occupied  by  it,  and  its  limitation  will 
l>ecome  therefore  less  and  less  obvious.  The  fact,  however,  that  genera 
(of  whatever  e.\tent)  are  geogniphically  limited,  is  one  that  is  provable 
by  many  e.xamples  both  among  plants  and  animals.  Edwaixl  Forbes 
insisted  on  it  strongly,  and  p<nnted  out  that  genera  had  their  centres 
where  their  species  w’ere  most  numerous  and  flourishing,  in  the  same 
way  that  species  ha<l  their  centres  where  the  individuals  flourished 
best,  and  that  receding  from  those  centres,  both  vertically  and  laterally, 
individuals  in  the  one  case,  and  s]K‘cies  in  tHe  other,  gnuiually  faded 
away  till  at  certain  limits  they  ceased  to  exist. 

Tliese  facts  are  highly  suggestive  when  we  come  to  speculate  on  the 
origin  of  the  various  forms  of  life  upon  the  globe,  lliey  seem,  in  con- 
nection with  the  geological  history  of  some  species  and  genera,  to  have 
originated  in  Cluirles  Darwin’s  mind  those  speculations  of  which  we 
have  already  received  the  first  fruits  in  his  highly  philosophical  and 
originjd  work  on  the  “ Origin  of  Sj^ecies.” 

Breaking  up  of  Generic  and  iSpccifc  Areas  hy  Geological  changes. 
— Certain  facts  iu  distribution  at  the  present  day  which  seem  to  mili- 
tate against  the  truth  of  the  limiUition  of  genera  (and  perhaps  of 
species  also),  are  easily  exjdained  w'hen  we  learn  their  geologiail  liis- 
torj'.  Eklwai-d  Forbes,  for  instance,  pointed  out  that  the  genus  Mitra 
has  at  the  present  day  its  centre  in  his  central  homoiozoic  belt,  its 
areii  extending  thence  through  the  two  circumcentral  and  into  the  south 
neutnd  belt,  but  that  one  outlying  species,  Mitra  Greenlandica  w'as 
found  in  the  north  polar  l>elt.  This  detached  species,  which  seemed  to 
form  so  striking  an  exception  to  the  doctrine  of  continuous  generic 
areas,  is,  however,  known  to  have  once  formed  part  of  the  gi^eat  generic 
area  of  Mitra,  inasmuch  as  Mitrse  of  other  species  formerly  existed  in 
the  intermediate  space.  Tlie  extinction  of  these  species  of  Mitixt  has 
broken  up  the  once  continuous  area ; and  it  is  probable  that  the  many 
physical  changes  that  have  taken  place,  and  the  mutations  between 
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land  and  sea,  and  height  and  depth  of  either,  have  in  many  instances 
broken  up  generic  and  8j>ecific  areas,  and  either  contributed  to  their  <lis- 
persion,  or  }>erhaps  in  some  cases  aided  in  restricting  them  within  still 
narrower  limits. 

A little  consideration  will  shew  that  if  the  individuals  of  a species, 
or  the  species  of  a genus,  be  rare,  and  their  limits  narrow,  it  may 
be  either  in  consequence  of  their  being  new,  only  just  beginning  to 
make  their  way  in  the  world,  or  because  they  are  old  and  dying  out. 
If  tliey  be  found  in  two  or  three  localities  widely  apart,  the  latter  is 
almost  certainly  the  true  state  of  the  case.  Tliere  is  a genus  of  fresh- 
water fish  called  Coregonus,  the  porrau  of  Cumberland,  the  ix)Uan  of 
Lough  Neagh,  the  G^\7^nniad  (or  white  fish)  of  Bala  Lake,  the  wliite 
fish  (or  freshwater  herring)  of  the  North  American  lakes,  other  species 
being  found  in  the  Siberian  rivers.  Some  of  the  North  American  and 
Siberian  species  are  very  .abundant  in  their  several  localities  (see 
Iiichardson*s  Polar  Regions)  ^ but  those  of  the  British  lakes  are  rare 
fish,  only  occiuTing  in  the  detached  lakes  mentioned  above,  and  only 
to  be  seen  at  particular  seasons  even  in  them.  They  are,  doubtless, 
remnants  of  those  which,  when  the  arctic  climates  of  North  Siberia  and 
America  extended  over  the  British  islands  and  the  whole  northern 
area  of  the  world,  were  equally  abundant  over  the  whole  of  that  area, 
and  are  now  approachinj^  extinction  in  different  isolated  localities  of 
the  area  where  arctic  climates  no  longer  prevail. 

The  geological  bearings  of  the  facts  of  the  geographical  distribution 
of  organic  beings  at  the  present  time  now  become  apparent,  and  two 
other  instances  may  be  briefly  given. 

It  is  sjiid  that  the  existing  fauna  and  flora  of  North  America  have 
remarkal)le  generic  and  ordinal  analogies  with  those  which  prevailed  in 
Eiuope  during  a recent  tertiary  age.  Tliere  is  perhaps  a closer  relation 
between  those  recently  extinct  European  genera  of  animals  and  plants 
and  the  existing  North  American  ones,  than  there  is  between  the  latter 
and  the  present  European  genera.  It  is  possible,  therefore,  that  the 
present  European  fauna  and  flora  may  be  of  more  recent  date  than 
those  of  North  America ; that  genera  and  species,  once  common  to  the 
two  continents,  have  remained  less  changed  in  North  America  than  in 
Europe,  where  they  have  become  extinct  by  some  of  the  actions  pre- 
viously alluded  to,  and  have  been  replaced  by  other  forms.  The 
climate  of  North  America  has  probably  been  less  altered  since  the 
glacial  period  tlian  that  of  Europe  has. 

Another  set  of  facts  is  still  more  remarkable.  The  animals  and 
plants  of  Australia  are  very  peculiar,  and  many  of  them  such  as  are 
foimd  nowhere  else  living  in  the  world.  Now,  some  of  the  marine 
shells  and  some  of  the  land  animals  and  plants  more  resemble  those 
found  fossil  in  rocks  deposited  during  an  early  geological  period  (the 
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Oolitic)  in  our  part  of  the  world,  than  they  do  any  other  ordinal  or 
generic  tyjies.  It  is  possible,  therefore,  that  the  fauna  and  flora  of 
Australia  are,  as  it  were,  the  remnant  of  that  which,  during  the  Oolitic 
perio<l,  was  common  to  the  whole  globe,  but  which  has  everywhere 
else  been  supersede<l  by  the  introduction  of  new  generic  and  ordinal 
forms. 


CHAPTER  XXIV. 


THE  LAWS  AJND  GENERALISATIONS  OF  PALiEONTOLOGT. 

The  Kindu  of  AnimaU  and  Plants  most  likely  to  occur  Fossil. — 
The  rockfl  in  which  orj^iiic  remains  are  found  are  ariueous  rocks,  princi- 
pally marine.  We  should,  therefore,  naturally  expect  the  inclosed 
fossils  to  he  the  remains  of  aquatic,  principally  marine,  beinjijs.  In  the 
vegetable  kingdom,  at  the  present  day,  the  vast  majority  of  the  species 
are  terrestrial,  while  in  the  animal  kingdom  there  is  an  almost  eqiuil 
majority  of  a<[uatic  8j)ecies,  Among  the  Vertebrata,  for  instance,  we 
liave  two  ordera  of  Mammalia  entin?ly  acpiatic,  a large  j)art  of  the 
Reptiles  and  Amphibia,  and  the  whole  of  the  Fish.  In  the  sub-king- 
dom Annulosa,  the  iiLsects,  indeed,  like  the  birds  among  the  Vertebrata, 
are  chiefly  terrestrial  or  aerial ; but  the  CrusUicea  are  chiefly,  and  the 
Ecliinodermata  entirely,  aquatic.  The  exceptions  to  the  aquatic  charac- 
ter of  the  rest  of  the  whole  animal  kingdom,  including  the  Mollusca 
and  the  other  sub-kingdoms,  are  very  few  and  comparatively  unim- 
jM»rtant,  the  Pulmonata,  or  land  snails,  being  the  principal  one. 

This  at  once  gives  us  a reason  for  the  fact  of  the  remains  of  animals 
being  more  numerous  than  those  of  plants,  and  of  aquatic  animals  than 
those  li\dng  on  land.  Even  where  they  occur  in  equal  abundance, 
animal  remains  are  more  inqwrUint  [than  vegetable,  imismuch  as  it  is 
more  easy  to  arrive  at  definite  conclusions  as  to  the  nature  and  the  habits 
of  the  once  living  lacings  from  the  examination  of  a fragment  of  an  ani- 
mal than  from  that  of  a plant  A single  sade,  or  tooth,  or  fmgment  of 
bone,  or  shell,  will  often  reveal  to  the  comparative  anatomist  the  whole 
history  of  an  animal  which  he  certainly  never  saw,  and  of  which,  per- 
haps, the  only  known  traces  may  be  that  solitary  fi'agment.  llie  bota- 
nist is  not  in  ecjually  favourable  circumstances  for  determining  the 
histor}’  of  a fossil  j)lant,  since  a jnece  of  a stem  or  a leaf  will  rarely 
«lo  more  than  enable  him  to  <letermine  which  gi’eat  division  of  the 
veg<*table  kingdom  the  liWng  plant  Ixdonged  to  ; wliile  the  jxirts,  such 
as  the  flower,  on  which  he  mainly  depends  for  more  exact  determina- 
tion, are  scarcely  ever  ju’cserved  in  a fossil  stiite. 

It  is  to  the  terrestrial  animals,  as  most  important  to  us  economi- 
C4illy,  and  mo.st  frequently  before  our  eye.s,  that  we  are  naturally  accus- 
tomed to  look  as  our  fellow-inhabitants  of  the  globe,  but  in  reality,  if 
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WT  except  the  terrestrial  ^faiimuilLi,  tlie  Birds  and  the  Insects,  almost 
all  the  infitiite  variety  and  abundivnce  of  other  animals  live  in  the  water. 
AVe  should  therefore  naturally  exj>ect  to  find,  we  do,  jwrtions  of  all 
the  other  kinds  of  the  animal  kingdom  in  great  plenty,  while  remains 
of  Mammalia,  of  Bisects,  and  of  Birds,  must  he  comparatively  rare. 

It  is  necessary  to  take  these  considerations  strictly  into  acoiunt  be- 
fore we  found  any  reasoning  ujioii  the  negative  evidence  of  the  abse.nce 
of  terrestrial  animals  or  plants  in  a fossil  state.* 

Very  iraputant  conclusions  are  doubtles.s  to  be  drawn  from  the 
study  of  the  terrestrial  kinds  when  they  do  ocour  h)ssil  ; but  even  then 
their  practical  value  to  the  geologist  is  often  snuill,  on  account  of  their 
rarity.  Many  of  the  extinct  8j)ecies  and  genera  of  Mammalia,  for  in- 
stance, are  founded  upon  the  occurrence  of  single  fragmentary  sjx^ci- 
mens,  or  of  not  more  than  two  or  three  sjHjciniens  ; fossil  Fish  are  more 
numerous,  hut  the  testaceous  (or  shell-bearing)  Molluscs,  the  Crus- 
tacea, the  Ecliinodermata,  and  the  Corals,  occur  by  hundrc^ds  and 
thousands,  mountainous  masses  of  rock  being  in  some  cases  made  up  of 
them. 

We  might  acconlingly  bike  any  one  of  these  last  mentionetl,  and 
compare  the  different  assemblages  of  them  found  fossil  in  different  for- 
mations, with  the  expectation  of  arriving  at  some  deGnite  conclusion  as 
to  their  history.  Of  all  fossils,  however,  the  Mollu.si'.a  afford  to  the 
palaeontologist  the  most  complete  and  unbroken  scale  of  comparison  on 
account  of  their  number,  their  variety,  and  the  comparative  com- 
pleteness of  the  pre.serx'ation  of  their  fossil  pjirts,  and  the  consequent 
facility  of  determining  their  nature  ami  habits. 

Xumber  of  British  Fossil  Animals  and  Plants  compared  with  exist- 
ing British  Species. — The  British  Islands  are  included  within  the  Celtic 
province  of  Edward  Forbes ; and  considering  the  diversity  in  the  forms 
of  the  land  and  the  distribution  of  land  and  water,  the  variety  of  “ sta- 
tion,” and  of  the  climate  and  surrounding  circuinstana*s,  we  may  assume 
that  they  affonl  us  a fair  examjile  of  what  the  terrestrial,  fre-sh-water,  and 
marine  fauna  and  flora  of  a province  ought  to  be.  They  contain,  ]>erhaps, 
as  great  an  abundance  of  si>ecies  as  any  other  region  of  equal  extent,  out 
of  the  tropics,  and  more  than  many  equal-sized  districts  within'  them. 

In  the  following  table  I have  been  assisted  by  my  friend  and  col- 
league Dr.  Kinahan  in  stating  the  nunil^rs  of  living*  species.  The 
numbers  of  fos.sil  animals  and  plants  are  those  given  by  Professor  Mon-'s 
in  Ills  Catalogue  of  British  Fossils,  a hook  which  every  working  geolo- 
gist knows  to  be  indispensable  to  his  labours. 

• It  i«  po.sHible  that  the  opinion  of  naturalists  might  differ  ob  to  the  precise  numbers 
stated  In  this  table,  but  the  difference  would  not  greatly  affect  the  conclusions  drawn  from 
it.  It  would  matter  little  to  the  argument  whether  the  true  proportion  between  the  living 
and  extinct  British  testaceous  Mollusca  be  1 : 8 or  1 : 9 or  1 : 10. , 
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Living  and  Fossil  Species  of  the  British  Islands. 


No.  of  Species  Living. 

No.  of  Fossil 
Species. 

Proi>ortion  of 
Living  to  Fossil. 

/ 1 600  flowering.  \ 

Plants . . . 

j 28D0  cryptogamic.  ^ 

655 

670  ; 100 

( 4400  j 

Zoophytes*  . 

70 

435 

100  : 620 

Polyzoa  . . 

70 

258 

100  : 370 

Te.staceat 

513 

4590 

100  : 890 

Echinodennata 

70 

492 

100  : 700 

Crustacea  t . 

225 

298 

100  : 130 

Fishes  . , 

162 

741 

100  : 460 

Reptiles  . . 

18 

180 

100  : 1000 

Birds  . . . 

332 

11 

3000  : 100 

Mammals 

70 

110§ 

100  : 157 

Perhaps  tlic  most  unexpected  result  of  the  preceding  table  is  that 
the  extinct  fossil  Mammalia  of  the  British  Islands  are  more  miraerous 
in  epecies  bp  one-half  than  the  existing  Mammals.  This  at  once  pre- 
jiares  us  for  the  belief  that  if  our  present  fauna  is  a good  example 
of  what  the  ]>opulation  of  a province  ought  to  l>e,  the  fossil  fauna  must 
represent  more  than  one  such  population. 

If  we  turn  to  the  Testacea  as  our  best  guide,  we  find  that  the  fossil 
species  known  are  nearly  nine  times  as  numerous  as  the  living  species. 
If,  indeetl,  we  excluded  the  land  and  fre.sh-water  shells  from  each  side 
of  the  comparison,  we  should  find  the  fossil  marine  testaceous  MoUusca 
more  than  ten  times  the  mimber  of  the  living  ones.  Our  conclusion 
must  be,  that  there  are  burial  .in  the  British  Islands  the  remains  of  at 
hast  ten  complete  populations  of  Mollusca,  each  as  numerous  in  species 
as  those  now  living  in  the  seas  around  us.  But  as  a matter  of  fact, 
wlide  the  existing  population  is  almost  entirely  known  from  recent 
most  elaborate  researches,  the  extinct  populations  are  yet  very  imper- 
fectly known  ; and  some  great  groups  and  formations  exist  in  which  few 
or  no  fossil  Mollusca  have  yet  been  found ; and  therefore  we  may  feel 
assured  tliat  the  number  of  fossil  Mollusca  are  in  reality  the  represen- 

* rrincipnlly  Corals,  as  they  are  commonly  called. 

t Under  Testacoa,  all  the  shell-bearing  Molluscs  arc  included. 

t Under  the  living  Crustacea,  the  Cirripedia  are  not  included.  (Proximate  only,  probably 
.'too  species  arc  knowm.) 

5 Morris  gives  only  90 ; the  new  discoveries  raise  the  number  to  108,  or  110  at  least. 
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tative«,  more  or  less  imperfect,  of  much  more  than  ten  populations  of  the 
past  wliicli  have  died  away  and  become  extinct 

This  conclusion  is  confirmed  by  examining  the  other  classes  of 
aquatic  animals,  the  fossil  Fish  for  instance  are  nearly  five  times,  the 
Echinodermata  seven  times,  the  Zoophytes  more  than  six  times,  and  the 
Reptiles  ten  times  more  numerous  than  our  living  ones,  most  of  these 
classes  having  been  still  more  jjartially,  and,  as  it  were,  capriciously, 
preserved  than  the  Mollusca. 

The  Modes  of  Occurrence  of  Fossils. — Organic  remains  may  be  either 
included  in  the  aqueous  rocks  in  the  very  spot  where  they  lived,  or 
close  to  it,  or  may  have  been  lloated  or  drifted  by  the  water  to  some 
distant  spot  after  death,  or  swept  into  the  water  from  the  land.  Any 
remains  fioating  for  some  distimce  in  water,  and  slowly  sinking  to  the 
bottom  of  it,  or  drifted  for  any  distance  along  the  bottom,  wdll  give  us 
no  infonnation  as  to  the  habits  or  “ station”  of  the  species  when  living. 
We  may  get  fragments  of  land  plants  or  animals  included  in  beds  de- 
posited in  deep  sea  at  a distance  from  shore,  or  fragments  of  animals 
that  lived  in  clear  water  deposited  in  mud  or  silt,  or  of  animals  that 
lived  in  sand  or  mud  inclosed  in  limestone  formed  in  clear  water. 
The.se,  however,  are  the  exceptions  rather  than  the  rule,  and  in  the 
majority  of  instances  the  fossils  found  in  rocks  lived  on,  or  close  to,  the 
8j;>ot  where  they  were  buried,  so  that  in  pure  limestone  we  get  the 
remains  of  animals  that  lived  in  clear  water,  while  in  sandstones  and 
clays  we  get  the  shells  and  other  animals  that  preferred  to  live  in  or  on 
sandy  and  muddy  bottoms. 

Hence  when  we  examine  any  group  of  aqueous  rocks,  that  is  made 
up  partly  of  calcareous,  and  partly  of  arenaceous  and  argillaceous  rocks, 
we  should  expect  to  find  a difference  in  the  fossils  according  to  the  dif- 
ference in  the  nature  of  the  rock.  Fossils  arc  in  genei-al  much  more 
numerous  in  limestone  than  in  any  other  kiiuls  of  rock,  because  lime- 
stone is  chiefly  derived  from  the  remains  of  animals  ; but  certain  kinds 
of  fossils,  even  certain  species  of  shells,  are  found  mostly  in  sandstone, 
others  mostly  in  mud  or  clay.  Land  plants  and  other  terrestrial  pro- 
ductions are  found  much  more  frequently  in  arenaceous  and  argillaceous 
rocks,  becau.se  these  are  more  usually  deposited  near  the  land  than  cal- 
careous rocks  are. 

lliese  general  statements  must  of  course  be  taken  as  mere  generali- 
zations, admitting  of  many  exceptions,  and  must  not  be  cou.strued  into 
absolute  rules  rigorously  governing  particular  cases.  Allowing,  then, 
for  exceptions  arising  both  from  the  drifting  of  organic  remains  before 
they  are  buried,  and  from  abnormal  viuiations  in  the  depo.sition  of 
different  kinds  of  rock-material,  we  shall  find,  in  each  group  of  rocks, 
limestone  fossils,  and  sandstone  and  clay  fossils. 

A series  of  groups  of  beds,  then,  will  contain  different  fossils  in 
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different  parte,  the  difference  arising  from  two  different  seta  of  circum- 
stances, viz. — 

1st,  In  consequence  of  a change  in  the  nature  of  the  rock,  or  a dif- 
ference of  station  at  any  one  period  of  time  ; 

2d,  In  consequence  of  a change  in  the  species  of  the  organic  beings, 
during  the  lapse  of  time  as  we  pass  from  one  great  period  to  another. 

We  may  represent  this  law  of  the  distribution  of  fossils  by  the  fol- 
lowing <liagram  : — 


Fig.  105. 

Let  fig.  105  represent  a section  through  a great  series  of  rocks  made 
up  of  alternations  of  argillaceous  rocks  represented  by  lines,  arenaceous 
rocks  represented  by  dots,  and  calcareous  rocks  represented  by  the  plain 
bands.  Let  tlie  series  be  divisible  into  three  groups,  A,  B,  C ; then  in 
the  lower  group  A,  we  may  find  certain  fossils  peculiar  to  the  argil- 
laceous beds,  let  us  call  those  fossils  the  a assemblage,  certain  others 
peculiar  to  the  arenaceous  liecls  let  us  call  those  6,  and  others  to  the 
calcareous  which  w’e  may  call  c. 

Throughout  that  group  of  rocks  these  peculiar  assemblages  of 
fossils  may  recur  wherever  we  get  the  peculiar  kind  of  rock.  The 
a fossils  in  the  lowest  set  of  clay  beds  will  be  rei>lace<l  by  the  h 
fossils  in  the  sandy  beds  above  them,  but  the  a fossils  would  recur 
when  we  examined  the  next  superior  set  of  clay  beds.  K over 
those  w'e  met  with  a set  of  limestone  Ijeds,  w'e  should  find  the  c 
fossils  in  them  ; and  so  as  w’e  crossed  the  successive  outcrops  of 
the  beds,  and  came  to  others  similar  in  lithological  character  to  those 
we  had  left,  we  should  find  similar  fossils  recurring,  the  a fossils  in  the 
argillaceous  beds,  the  h fossils  in  the  arenaceous,  and  the  c fossils  in  the 
calcaieous.  This  change  in  the  assemblages  of  fossils  might  take  jdace 
equally,  whetlier  the  change  in  tlie  nature  of  the  rocks  took  place  late- 
1‘ally  as  they  ranged  across  a coimtry,  or  vertiaiUy  as  the  beds  suc- 
ceeded each  other  in  order  of  superposition.  We  shouhl  then  include 
the  whole  assemblages  a -h  6 + c,  when  we  spoke  of  the  fossils  that 
were  j)eculiar  to  the  whole  group  of  rocks  A. 

There  might  also  very  possibly  be  a certain  mixture  of  fossils 
throughout,  or  certain  species  might  range  throughout,  independent  of 
those  which  were  peculiar  to  the  difFei-ent  kinds  of  rock. 

When  we  passed  beyond  the  limits  of  the  group  A into  tliat  of 
group  B,  we  should  then  find  an  assemblage  of  fossils  of  altogether  a 
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diiFereiit  kind.  Group  B might  etpially  he  made  up  of  sets  of  argilla- 
ceous, arenaceous,  and  calcareous  rocks  ; and  each  of  these  sets  might 
contain  peculiar  assemblages  of  fossils,  which  recurred  in  any  part  of 
the  group  whenever  the  pt^culiar  kind  of  rock  recurred.  Moreover, 
there  might  be  little  or  no  difference  between  the  clayey  rocks  of 
group  B ajul  those  of  group  A,  and  the  sandstones  and  limestones 
of  each  might  be  equally  similar,  so  that  no  one  could  distinguish 
between  the  beds  of  group  B and  those  of  group  A,  by  any  difference 
in  the  nature  of  the  rocks.  Tlie  fossils,  however,  might  be  so  dissimilar 
that  the  two  gioups  might  not  have  a single  species  in  common  ; or 
the  common  species  would  at  all  events  be  a very  small  proportion 
of  the  whole.  The  limestones  of  B would  have  an  assembhige  of 
fossils  we  may  call  A,  its  clays  one  we  may  call  y,  and  its  sands  one 
we  may  call  /;  and  the  total  assemblage  f g ^ hj  together  perhaps 
with  others  common  to  the  whole,  would  be  the  peculiar  fossils  of  the 
group  B. 

Similarly  the  group  C might  have  its  argillaceous  fossils  ly  its  cal- 
careous or  limestone  fossils  »»,  and  its  sandstone  fossils  n,  each  recurring 
in  difi’erent  parts  of  the  group  acconling  as  the  kinds  of  n>ck  recurred, 
the  whole  assemblage  ^ + m + n being  the  jieculiar  fossils  of  C. 

The  student  must  not  expect  to  find,  in  any  district,  fonnations 
containing  such  a frequent  recurrence  of  different  kinds  of  n>ck  all 
fossiliferous,  as  we  have  supposed  in  the  diagram,  and  each  assemblage, 
either  of  the  smaller  single  groiqjs,  or  of  their  triplicate  unions,  so  neatly 
distinguished  from  each  other  as  is  here  represented. 

Sufficient  examples,  however,  could  be  easily  adduced  to  shew  the 
tendency  of  natural  operations  towanls  such  a state  of  things,  and  that 
if  circumstances  had  tillowed  of  the  production  of  alternating  groups  of 
beds  all  containing  the  i-cmains  of  the  annuals  that  lived  during  the 
periods,  on  the  different  kinds  of  sea  bottom,  we  should  then  have  had 
a series  exactly  answering  to  the  one  supposed  alx)ve. 

This  would  have  been  the  case  indeed  throughout  the  whole  series 
of  stratified  rocks,  if  it  had  been  possible  for  deposition  of  beds  and 
entombment  and  presentation  of  organic  remains  to  have  been  con- 
tinuoiLS.  It  has,  however,  been  already  remarked  that  the  deposition  of 
the  materials  of  rock  is,  and  has  always  been,  the  exception,  not  the 
rule,  and  that  all  our  beds  of  rock  w’ere  formed  at  intervals  with  long 
pauses  of  non-production  between  them.  When  we  add  to  that  the  fact 
that  the  entombment  and  preserv'ation  of  organic  remains,  especially 
in  clays  and  sands,  must  have  been  an  equally  exceptional  act,  and  that 
our  series  of  fossils  contains  but  a few  scattered  fragments  of  the  vast 
series  of  foniis  of  life  that  have  inliabited  the  globe,  we  shall  feel  at 
once  that  we  can  glean  from  them  only  a few  faint  sketches  of  the 
laws  which  have  governed  the  distribution  of  these  forms,  and  not 
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look  for  a perfection  and  completeness  of  evidence  which  the  nature  of 
the  case  renders  impossible. 

The  Geographical  Distribution  of  Sjyecies  in  past  time.  — )l\Tien 
geologists  first  learnt  that  groups  of  rock  Beds  were  very  widely  spread 
over  large  areas,  and  occurred  in  a certain  order  of  superposition  within 
tliose  aretis,  and  gave  names  to  these  groups  derived  from  their  litholo- 
gical character,  such  as  “ the  Chalk  ” the  Oolite,”  “ the  Moimtain 
Limestone,”  “ the  New  or  Old  Red  Sandstone,”  they  naturally  were 
inclined  to  extend  the  boimdaries  of  these  groups  of  rock  indefinitely, 
and  to  supiwse  that  the  very  same  kinds  of  rock  would  be  found  in  the 
same  order  of  superposition  in  all  parts  of  the  earth.  Travellers  did 
not  hesitate  to  speak  of  the  groups  of  rock  which  they  found  in  new 
countries  by  these  names,  tnisting  simply  to  the  nature  of  the  rock  for 
their  identification. 

In  like  manner,  when  more  notice  was  taken  of  the  fossils  contained 
in  these  “ formations,”  and  observers  looked  to  them  rather  than  to 
mineral  characters,  for  their  identification  of  a formation,  they  were  at 
first  naturally  inclined  to  conclude  that  these  fossils  would  be  common 
to  the  same  fonnation  all  over  the  earth. 

There  is  certainly  a much  closer  resemblance  in  the  organic  remains 
found  in  distant  parts  of  the  same  formation  than  there  is  in  its  litho- 
logical characters,  nevertheless  there  is  in  numy  cases  a tlifference  in 
their  species  which  is  due  to  the  influence  i^artly,  j)erhaj)S,  of  tlifference 
in  climate,  but  chiefly  to  the  fact  of  the  sporadic  origin  and  consequent 
geographical  limifiition  of  sjjccies. 

Even  in  the  earliest  periods  of  the  earth’s  history  which  we  know 
anything  about,  the  sjxjcies  of  the  genera  or  orders  which  existed  in 
those  times  were  evidently  limited  to  certain  provinces,  as  sj)ccies  are 
now.  Dilferent  species  having  come  into  existence  at  certain  sjx)ts  in 
different  j)arts  of  the  earth,  the  individuals  of  those  species  sj)read 
around  their  centres  so  fur  as  “ clinuite”  (e.c.,  all  surrounding  circum- 
stances incliuling  food),  allowed  of  their  diffusion. 

As  climate  is  so  much  modified  by  the  distribution  of  land  and  sea, 
and  of  high  and  low  land,  shallow  and  deep  sea,  and  the  variation  in 
the  currents  of  air  and  water,  it  follows  that  since  the  places  of  land 
and  sea  have  been  continually  changing,  the  climates  of  dift’erent  parts 
of  the  earth  must  have  been  frequently  modified,  and  we  know  from 
facts  which  will  be  hereafter  described,  that  the  climate  of  the  whole 
earth  has  also  varied  The  i)osition,  the  size,  and  the  number  of 
biological  provinces  then  may  have  varied  very  greatly  at  different 
j)eriods  of  the  earth’s  history. 

lliere  may  have  l>een  formerly  only  a few  large  province^?  like  that 
of  the  Indo-Pacific  ocean  of  the  present  day.  This  may  esjK^cially  have 
been  the  case  if  the  climate  of  the  earth  generally  were  once  more 
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equable  than  it  is  now,  with  less  cold  in  the  polar  regions,  and  possibly 
no  higher  temperature  within  the  tropics  than  is  felt  in  the  equatorial 
islands  of  our  own  times. 

Under  such  circumstances  it  is  obviously  likely  that  in  former  times 
the  cosmopolitan  species,  or  those  which  ranged  over  the  whole  earth, 
may  have  been  more  numerous  than  they  are  now.  Still,  however 
the  examples  of  the  rule  may  have  varied  from  time  to  time,  it  is  very 
important  to  note  that  the  law  of  the  geographical  Uniitation  of  species, 
both  laterally  and  vertically,  has  always  prevailed. 

In  exjimining,  therefore,  the  distribution  of  fossils  in  different  parts 
of  the  earth’s  crust,  w’e  must  bear  in  mind  that  there  are  three  causes 
of  change  in  them  : — 

1.  First  of  all,  w'ithin  the  same  biological  province  there  may  have 
been  differences  in  the  stations,”  to  use  the  naturalists’  phrase,  that 

is,  the  place  where  the  fossil  w’as  buried  may  have  been  at  the  time 
either  sea  or  fresh-w’ater,  deep  or  shallow  water,  near  shore  or  far  from 

it,  having  a muddy  or  a sandy  bottom,  or  being  a sea  clear  of  sediment, 
and  the  fossils  entombed  at  these  different  stations  of  the  province  may 
have  varied  accordingly. 

2.  Secondly,  we  may  jmss  from  one  “ province”  into  another,  the 
two  provinces  having  been  inhabited  by  diflerent  but  contemporaneous 
groups  of  species. 

3.  Thirdly,  there  may  have  been  a difference  in  “ tune,”  during 
w'hich  a geneml  change  had  taken  place  in  the  sj>ecie8,  those  formerly 
existing  having  become  extinct,  and  others  having  come  into  existence 
that  had  not  previously  appeared  on  the  globe. 

Difficulty  in  determining  the  Contemporaneity  of  Distant  Forma- 
tio7is. — It  has  been  stated  in  the  preceding  chapter,  that  a change  in 
the  physical  circumstances  of  a district  may  cause  either  a local  or  a 
total  extmetion  of  species,  according  to  the  rate  and  amount  of  the 
change.  If  tlie  change  operate  slowdy  and  gratluaUy,  the  individuals  of 
the  species  may  have  had  time  to  travel  with  it,  and  to  settle  them- 
selves in  a new  area,  even  as  a consequence  of  the  change.  Moreover, 
if  any  species,  originating  in  a certain  spot,  become  subsequently  cosmo- 
jK)litan,  or  very  ^videly  spread,  this  tliffusion  may  require  a vast  jieriod 
of  time,  so  that,  even  if  the  existence  of  the  species  be  of  equal  length 
at  different  parts  of  the  globe,  the  dates  of  its  commencement  and 
extinction  may  have  been  widely  different  in  those  parts.  It  may  have 
even  become  extinct  in  its  original  centre  before  it  reaches  some  of  the 
more  distant  parts  of  the  whole  area  occupied  by  it. 

Tlie  fact  of  particular  species,  then,  being  common  to  the  rocks 
of  two  distant  localities,  is  by  no  means  a proof  of  their  being  exactly 
contemporaneous  in  point  of  time.  It  may  prove  the  very  reverse  of 
this.  Strict  contemporaneity  in  the  rocks  of  distant  localities  is  pro- 


408 


barrande’s  colonies. 


bably  a very  rare  occurrence,  and  one  which  w'ould  be  very  difficult  to 
prove.  In  speaking  of  the  contemiwraneous  rocks,  therefore,  of  two 
localities,  the  student  must  be  jjrej)ared  for  a sufficiently  lax  use  of  the 
term  to  include  great  jieriods  of  time.  Beds  deposited  in  the  English 
Channel  before  the  Romans  Ausited  Britain,  w'ould  be  looked  upon  by 
future  geologists  as  strictly  contempomneous  with  beds  forming  now  in 
the  Irish  Sea,  should  the  two  districts  become  dry  land  ; and  past  dates, 
sejxirated  by  actual  ]>erio<ls  far  more  vast  than  any  included  within 
historic  times,  would  be  equally  looked  upon  now  as  contemi)oraneous  ; 
the  length  of  time  thiLs  uncertainly  determined  increasing  prol>ably 
with  the  distance  betAveen  the  tAvo  localities  where  the  rocks  w’ere 
obserced. 

Tliese  principles  have  ahvaya  influencetl  me  from  my  earliest  geo- 
logical days.  In  speaking  of  the  Coal-measures  of  Newfoundland,  in 
my  report*  on  the  geology  of  that  country,  I limited  myself  to  calling 
them  the  Newfound  hind  Coal-meamres,  leaAdng  their  identity,  or  other- 
wise, Avith  the  Coal-measures  of  other  districts,  an  oj>en  question.  Not 
having  found  any  fossils  in  them  in  my  necessarily  hasty  search,  the 
NeAvfoundland  Coal-measures  might  be  Tertiary  rocks  for  anything  I 
could  say  to  the  contrarA".  Similarly,  in  speaking  of  the  Palax>zoic 
rocks  and  fossils  of  Australia,  I preferred  ahvays  to  8]x?ak  of  them  only 
as  Palaeozoic,  and  forbore  to  discuss  the  question  of  their  identity  in 
time  with  the  Silurian,  Devonian,  or  Carboniferous  i>eriods  of  Eurojxj, 
for  Avhich  eA^en  the  identity  of  one  or  two  species  (if  it  occur)  is  not 
altogether  sufficient  evi<lence.t 

Barrandes  Cohmiee. — As  a corollary  of  the  principles  just  now 
stated  mav  be  mentioned  M.  Rarrande’s  doctrine  of  Colonies,  one  of  the 
A’ery  curioiis  and  remarkable  results  of  his  labours  in  the  Silurian  dis- 
trict of  Bohemia,  If  tAvo  iieiglibouring  but  distinct  fauujts,  A and 
B,  contemjjomneous,  or  A a little  the  oldest,  be  separated  by  some 
barrier,  physical,  climatal,  or  depending  on  other  geograjdiical  con- 
ditions, and  a breach  be  at  one  time  effected  in  this  bsirrier,  or  a 
temporary  alteration  take  j>lace  in  the  conditions,  some  indiAuduals 
of  the  fauna  B may  spread  o\'cr  part  of  the  proA'ince  of  A ; but  circiun- 
stances  not  then  favouring  their  retention  of  these  neAv  settlements, 
these  colonists  may  die  and  leaA'e  a small  band  of  their  I’emains  inter- 
calatcni  between  Ijeds  containing  only  the  remains  of  A.  At  some 
future  period,  perhaps,  circumstances  may  faA'our  their  extension  far 
and  Avide  into  the  province  of  A,  and  become  unfaA'ourable  to  the  exis- 
tence of  that  fauna,  which  will  therefoi*e  become  extinct,  and  the  higher 
rocks  deposited  A\ill  become  filled  with  the  remains  of  B only. 

* Grneral  Report  of  the  Geological  Survey  of  Newfoundland  during  the  years  1839  and 
1840.  Murray,  1842. 

t Sec  Sketch  of  Physical  Structure  of  Australia  (BooncX  pp.  21,  22. 
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The  little  band,  containing  some  of  the  fossil  forms  of  the  B 
fauna,  is  spoken  of  by  M.  Barrande  as  a “ colony.”  It  is  apparently  a 
very  unusual  occurrence,  not  ha\’ing  yet  been  described  by  any  other 
person  than  M.  Biirrande,  nor  having  been  met  with  by  him  except  in 
Bohemia.  His  descriptions  there,  however,  have  been  confirmed  by 
Sir  C.  Lyell,  and  it  is  possible  that  some  similar  circumstance  takes 
place  in  other  districts,  and  has  not  yet  been  recognised,  and  that  some  of 
the  difficulties  in  classification  occasionally  met  with  may  arise  from  it. 

These  difficulties,  and  the  others  arising  from  change  of  rock  and 
change  of  proNunce,  are  always  of  a minor  character,  affecting  the  deter- 
mination of  small  groups  of  rock  only,  or  raising  doubts  as  to  which  of 
the  great  classes  of  rock  some  particular  local  group  is  to  be  included 
in,  although  there  may  be  no  doubt  as  to  the  great  classes  themselves. 

Necessity  for  settling  the  Chronological  Classifcation  of  each  large' 
Area  separately,  before  forming  one  for  the  'whole  Earth. — It  follows,  from 
what  has  been  stated,  that  in  order  to  avoid  error,  each  great  district  of 
the  earth,  such  as  Europe  or  North  America,  should  be  suiv'eyed  sepa- 
rately, without  reference  to  anything  out  of  the  district,  and  that  the 
order  of  superposition  of  its  strata,  and  their  classification  into  groups 
or  formations,  should  be  settled  independently,  on  evidence  to  be  found 
in  that  district  only. 

When  this  has  been  done,  the  two  series  may  then  be  compared, 
and  the  synchronism  of  different  parts  of  each  may  be  decided  on. 

Western  Europe  (Britain,  France,  and  Germany),  but  England  more 
especially  above  all  other  countries  of  the  world,  affords  the  best  type 
of  a geological  district  from  the  examination  of  which  a chronological 
scale  of  classification  can  be  constructed  wth  which  to  compare  the 
series  of  rocks  in  other  parts  of  the  world.  Care  must  however 
always  be  taken,  that  this  comparison  with  British  or  European  for- 
mations be  not  pushed  too  far,  until  the  district  to  be  compared  has 
been  worked  out  thoroughly  on  its  own  independent  evidence. 

The  British  scale  of  rocks,  although  the  most  complete  anywhere 
yet  known  within  any  one  district  of  anything  like  equal  extent,  must 
not  therefore  be  assumed  to  be  perfect,  or  to  be  absolutely,  instead  of 
comparatively,  complete.  The  series  of  formations  even  in  Britain  is 
full  of  gaps,  which  are  known  and  acknowledged  ; those  which  are  still 
unsuspected  are  probably  still  more  numerous. 

Many  of  the  formations,  or  groups  of,  stratified  rocks  in  other  parts 
of  the  world,  which  were  at  one  time  thought  to  be  contemporaneous 
with  British  formations,  are  now  known,  or  believed,  to  be  more  or  less 
intermediate  between  them.  This  intercalation  of  periods  of  formation 
in  different  parts  of  the  earth,  and  even  in  different  parts  of  the  same 
district,  will  probably  have  to  be  still  more  extensively  employed 
hereafter. 


T 


410 


GROUPING  OF  BEDS  BY  FOSSILS. 


Classif  cation  of  Groups  of  Beds  by  means  of  their  Fossil  Contents. — 
If  we  take  the  British  Islands  or  any  other  good  typical  i)ortion  of  the 
earth’s  surface,  and  examine,  as  far  as  we  can,  its  suhterrane^m  structure,  we 
shall  find  that  it  is  made  up  of  a vast  series  of  variously  incliiie<l  strata, 
which  a}i}>ear  at  the  surface  in  consetpience  of  their  “ rising”  or  “ crop- 
jjing”  out,  one  from  under  another,  the  former  extension  of  each  having 
been  removed  b}’  the  denudation  wliich  produced  the  surface. 

This  great  series  is  not  made  of  a continuous  succession  of  beds, 
neither  are  the  beds  all  of  one  kind.  Tlie  lines  of  discontinuity,  and 
the  changes  in  the  lithological  characters  of  the  beds,  have  afforded 
geologists  the  means  of  separating  the  great  series  into  groups,  to  which 
names  have  been  given.  Most  of  these  gi*oups  contain  fossils,  some  of 
them  most  abundantly,  large  pails  of  them  even  consisting  entirely  of 
organic  remains.  It  is  ob\’ious  that  in  such  a series  of  groups  of 
stratified  rocks  rising  out  one  from  under  the  other,  the  lowest  must  be 
the  oldest  or  first  formed,  and  that  as  they  were  deposited  in  succession 
one  over  the  other,  the  newest  must  be  the  upi)ermost. 

Now  it  has  been  discovered  that  each  of  these  great  groups  1ms  an 
assemblage  of  fossils  peculiar  to  it ; so  that  the  fossUs  foimd  in  one 
group  are  not  found  in  any  other  group. 

Particular  species  of  fossils  seem  occasionally  to  range  into  two,  or 
l>erhaps  even  three  adjacent  groups,  occurring  perhaps  in  the  up})er 
l)ail  of  one  grouj>,  ranging  through  the  whole  of  the  group  above  it, 
and  ai)pearing  in  the  lower  part  of  the  group  above  that.  Some  species, 
on  the  other  hand,  tmi  found  only  in  a very  snmll  j>art  of  one  group, 
either  throughout  the  lateral  extension  of  the  beds  wherever  they 
occur,  or  sometimes  limitetl  to  some  suudl  locality  in  those  beds. 

Wliat  is  true  of  indi\ddual  species  is  true  also,  with  a more  general 
luid  wider  apjilication,  of  the  genera  and  families  into  which  those 
species  are  grouped  for  classification. 

When  a single  species  occurs  abundantly  in  one  or  two  beds, 
throughout  the  extension  of  those  beds,  we  may,  if  we  find  it  con- 
venient, make  a subgi'oup  of  those  beds,  and  give  them  a distinct 
name,  taking  the  occurrence  of  the  species  as  the  characteristic  of  the  beds. 

Such  a small  set  of  beds,  whether  its  characteristics  be  thus  imlfloon- 
tologicml  or  merely  lithological,  is  often  very  useful  as  giving  us  a 
“ horizon,”  and  enabling  us  to  determine  which  are  the  beds  above  and 
below  it  wherever  we  find  a portion  of  the  set  cxjwsed. 

AVhen  a single  species,  or  an  assemblage  of  several  specie.s,  occur  in 
a group  of  rocks,  whether  large  or  small,  and  have  never  been  foimd 
except  in  that  group  of  rocks,  and  are  almost  always  found  wherever 
the  group  extends,  we  may  speak  of  those  as  the  characteristic  species 
of  the  group. 

It  occasionally  happens  that  tlie  fossils  of  such  a group  are  so  nearly 
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allied  biologically  that  naturalists  form  them  into  a genus,  or  into  one 
or  two  genera,  wliich  may  then  be  sjx)ken  of  as  equally  characteristic. 

Sometimes  a genus,  or  one  or  two  genera,  will  range  tlirough  seveml 
adjacent  groups  of  strata,  and  these  groui)s  may  themselves  admit, 
cither  from  these  jxilroontological  or  from  other  characters,  of  being 
classed  together  as  a larger  and  more  general  group. 

In  this  way  we  have  single  beds,  sets  of  beds,  subgroups,  and  groups 
of  beds,  and  these  are  spoken  of  as  “ formations”  or  “ systems,”  accord- 
ing to  the  imi>ortance  attached  to  theii’  characteristics  by  their  describer 
or  by  geologists  generally. 

Law  of  approxonation  to  Living  Forms. — If,  we  walk  through  a 
Museum  in  w'hich  tliere  is  a tolerably  complete  collection  of  character- 
istic fossils  derived  from  the  principal  groups  of  stratified  rocks,  and 
those  fossils  are  arranged  as  assemblages  in  the  order  of  super-jwsition 
observed  by  the  rocks  from  which  they  were  derived,  we  coidd  not  foil 
of  being  stnick  with  a general  law  running  through  them. 

The  fossils  from  the  uppermost  or  new'est  incks,  such,  for  instance, 
as  the  shells,  the  Crustacea,  echinodennata,  and  corals,  w'ould  seem 
quite  familiar  to  us.  Some  of  the  forms  would  be  absolutely  identical 
with  those  of  species  now  living,  and  even  those  which  we  could  not 
identify  with  any  that  w'e  knew  anywhere  living  would  stiU  have 
a familiar  aspect,  and  closely  resemble  some  living  forms.  If  w'e  then 
went  from  these  backw^ards  through  the  dilferent  assemblages  of  fossils 
brought  from  low^er  and  lower  (i>.,  older  an<l  older)  groups,  the  forms 
w'ould  become  more  and  more  stmnge  and  unfamilitir  to  us.  This 
stningeness  would  be  more  striking  in  proix>rtion  as  our  knowledge 
of  li\ing  forms  was  accmate  and  exact.  An  accomplished  conchologist, 
for  instance,  W’ould  be  much  more  struck  with  the  contrast  betw^een  the 
recent  and  tlie  older  extinct  shells,  than  would  one  who,  with  the  usual 
ignorance  of  “ educated  persons,”  * knew  no  shells  but  oysters,  mussels, 
cockles,  periwinkles,  and  snails,  and  did  not  feel  very  sure  about  them. 

The  conchologist,  supposing  him  to  have  never  seen  fossil  shells 
before,  would  be  at  once  able  to  declare  the  generic  names  of  those 
coming  from  the  new'er  foimations,  even  if  the  species  w'cre  new  to 
him.  He  w'ould  say  “ this  is  a Volute  or  a Cone,  this  is  a Venus  or  an  Area, 
although,”  he  might  add,  “ I never  saw  one  before  having  that  precise 
form  and  those  specific  characters.”  But  as  he  tmeed  the  series 
towards  the  older  groups,  not  only  w'ould  he  find  the  species  of  stOl 
existing  genera  becoming  stranger  and  stranger,  but  he  w'ould  find  more 

• The  Btudent  will  plo4ise  to  recollect  that  I am  not  here  imputing  hlame  to  the  “ per- 
sons *’  but  to  the  **  education  ” of  the  present  day.  I have  heard  even  of  Ministers  of  State 
bolding  offices  especially  presiding  over  “ Rlncation,”  who  have  not  hc.sitated  in  society  in 
London  to  speak  of  scientific  men  as  “ mere  beetle-hunters  and  binl-stuffers,"  as  if  such 
occupations  were  beneath  their  notice,  instead  of  being  important  aids  to,  and  worthy  parts 
of,  education. 
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anrl  more  forms  to  which  he  could  give  no  generic  names  at  all.  He 
would  have  to  invent  new  designations,  and  to  define  or  describe  new 
generic  groups  in  which  to  place  these  older  shells,  so  greatly  would 
tlieir  characters  diverge  from  any  of  the  descriptions  or  definitions  of 
recent  shells. 

Tlie  professor  of  all  other  branches  of  Natural  History  would  find 
himself  in  precisely  similar  circumstances. 

The  conclusions  to  l>e  drawn  from  these  facta  are  best  stated  in 
another  and  more  natural  way. 

The  animals  and  plants  liWng  in  the  earlier  periods  of  the  earth’s 
geologiad  history,  were  very  different  from  those  which  now  exist  upon 
the  globe  ; and  tliere  has  been  during  all  succeeding  time  a succession 
of  fresli  species,  shewing  a gradual  approximation  in  form  to  those  which 
now  c.vist 

Not  only  did  the  older  species  perish  one  after  the  other,  but  most 
of  the  older  genera,  some  families,  and  even  a few'  orders  have  come  into 
existence  and  died  out,  while  those  that  succeeded  them  from  time  to 
time  shew’ed  forms  that,  with  many  occasional  de^dations,  gradually  grew 
more  and  more  like  tliose  that  now  live.  One  or  two  species  came  at 
length  into  existence  that  still  survive  upon  the  earth,  and  these 
recent  sjjecies  became  more  and  more  numerous  until  we  arrive  at  the 
existing  population  of  the  earth  contemporaneous  with  man. 

The  extinction  of  species  is  still  going  on,  man  himself  being  now 
the  most  active  exterminator.  Wliether  new  si)ecie8  have  come  into 
existence,  since  the  introduction  of  man  himself,  is  a problem  of  w'hich 
a solution  is,  at  present  at  least,  impossible. 

It  appears  from  the  above ' statement  that  the  existing  species  of 
animals  and  plants  came  into  being  slowly  and  gradually ; but  not  only 
was  tliis  the  case  wdth  the  species  now  living,  but  it  must  have  been 
always  the  case  at  every  period  of  the  earth’s  history.  The  law  of 
succession  of  species  reigns  throughout  Had  any  intelligent  being 
lived  in  one  of  the  later  Palaeozoic  or  earlier  Secondary  periods,  he 
could  still  have  stated  his  palaeontological  researches  in  the  same 
terms  we  ourselves  use.  The  now  extinct  assemblage  of  that  period 
would  then  have  constituted  the  “ existing  ” or  “ recent  ” species, 
and  ample  evidence  would  have  been  found  in  the  then  recently  de- 
posited rocks  (most  of  which  have  been  long  ago  destroyed),  of  the 
gradually  coming  in  of  those  species,  and  of  their  mingling  with  species 
then  become  recently  extinct  in  rocks  deposited  just  before  the  com- 
mencement of  the  period. 

Jhiration  of  Sjyecies  Pro2wrtionate  to  their  Place  in  the  Scale  of  Ex- 
istence.— It  is  an  obvious  truth  that  the  lowest  forms  of  animal  life  are 
the  most  ab\uidant,  and  this  abundance  increases  in  proportion  to  their 
minuteness.  It  w'ill  follow  from  this  that  small  forms,  low  in  the 
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scale,  will  last  longer,  in  consequence  of  their  surviving  a greater  num- 
ber of  hostile  circmnstances  than  will  larger  or  higher  forms. 

This  is  in  harmony  with  the  facts  that  some  species  of  Foraminifera 
now  existing  are  the  oldest  of  existing  species ; that  the  species  of 
Mollusca  are  longer  lived  than  those  of  Fish,  and  much  longer  than 
Mammalia  ; and  tliat  the  species  which  range  through  two  or  three 
groups  are  rarely  higher  than  Brachiojwda,  or  some  class  of  similar 
rank. 

Forms  once  Extinct  mver  Re-appear, — It  is  also  certain  that  species 
that  have  once  become  extinct  have  never  been  again  brought  into  ex- 
istence ; and  this  is  true  also  of  groups  of  species  (genera,  families, 
orders).  There  is  np  known  instance  of  any  specific  form  that  has  once 
fairly  died  out  ever  making  its  appearance  again  in  the  deposits  of  any 
subsequent  period ; and  this  is  true  of  many  groups  of  allied  forms. 
There  ai’e  no  Graptolites  in  rocks  more  recent  than  the  Silurian,  no 
Trilobites  in  any  rocks  more  recent  than  the  Palaeozoic,  no  Ammonites 
in  anv  rocks  more  recent  than  Cretaceous,  and  so  on. 

Nevertheless  some  genera,  such  as  Lingula  and  Rhynchonella 
among  Brachiopodous  bivalves,  and  Nautilus  among  Cephalopods, 
have  survived,  as  genera^  tlirough  a long  succession  of  species  from 
the  earliest  known  ages  down  to  the  present  day. 
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SUBJECT  CONTINUED. 

SnpjiOfted  Destmction  and  Sudden  Introduction  of  Assemblages  of 
Species  a Mistake. — Some  geologists,  trusting  to . the  fact  that  small 
groups  of  beds  can  in  some  ca.ses  be  found  resting  directly  one  on  the 
other,  and  conttiinin^  different  groups  of  fossils,  supposed  that  this  must 
have  been  the  result  of  the  sudden  and  wholesale  destruction  of  one 
race  of  animals  and  plants,  and  the  wholesale  introduction  of  new 
races.  This  supposition  rested  on  the  entirely  unwarrantoble  assump- 
tion that  these  groups  of  beds  were  deposited  not  only  consecutively  • 
in  those  localities,  but  with  short  absolute  intervals  of  time  between 
them.  Tlie  reasoning  formerly  used  (pp.  181,  182)  will  shew  how 
little  trust  could  be  placed  in  such  a conclusion,  even  if  we  were  more 
disposed  than  we  ought  to  be  to  rely  on  mere  negative  e^ddence. 

Wherever  we  get  a great  fonnation,  such  as  the  Carboniferous  for- 
mation of  the  British  Islands,  and  are  able  to  trace  it  over  a consider- 
able area,  and  study  all  its  varieties  of  interstratification  of  groups  of 
rock,  we  find  the  same  characteristic  species  ranging  throughout  the 
whole  vast  series  of  rock,  occurring  in  different  parts  of  the  formation 
according  to  the  accidental  circumstances  of  the  different  localities 
during  the  different  portions  of  the  period  at  which  those  parts  were 
formed.  We  find  the  characteristic  plants  in  the  lower  pjirt  of  the 
formation  in  some  localities,  while  in  others  they  are  confined  to  the 
upper  parts,  and  conversely  we  get  the  animals  that  in  the  majority  of 
instances  are  confined  to  the  lower  parts,  making  their  appearance  also 
in  the  uj)]K?r  parts  wherever  circumstances  were  favourable  to  their 
existence  and  to  the  preseiwation  of  their  remains  after  death.  We  are, 
therefore,  perfectly  warranted,  by  those  positive  evidences  in  its  favour, 
in  taking  as  a rule  the  great  duration,  and  the  slow  and  gradual  ex- 
tinction of  any  fauna  and  flora.  When  we  meet,  on  the  other  hand, 
with  rapid  changes  in  the  fossil  contents  of  sets  of  a few  beds  resting 
on  each  other,  the  legitimate  conclusion  is,  tliat  in  that  particular 
locality  only  a few  beds  happened  to  be  deposited  during  each  of  the 
great  ]>eriods  that  elapsed  while  those  successive  fauna  and  flora 
iuhabite<l  the  earth.  When  the  beds  are  carefully  examined  and  widely 
traced,  this  conclusion  is  always  supported,  either  by  physical  evidence 
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proving  tlie  discontinuity  of  their  deixtsition,  or  else  by  finding  other 
areas  in  which  the  small  sets  of  a few  beds  expand  into  great  for- 
mations. 

Untrmt worthiness  of  Negative  Evidence  in  Paleontological  JSpecit- 
latio)is. — Arguing  from  what  we  now  know,  it  appears  that  the  earliest 
life  on  the  globe,  during  the  Cambrian  period,  was  that  of  Annelids 
(sea  worms),  and  Zoophytes  (either  sertulariau  or  polyzoan).  It  seems 
very  difficult  to  suppose  that  these  existed  by  themselves.  Animal  life 
now  is  so  bound  together  by  links,  uniting  species  to  species  in  such  a 
way  that,  if  you  destroy  one,  you  in  all  probability  exterminate  another 
which  in  some  way  depended  on  it,  that  it  seems  abnost  an  impossi- 
bility to  my  mind  to  imagine  a world  inhabited  by  only  one  or  two 
s|>ecies  of  animals. 

Waiving  that  consideration,  however,  we  have  in  the  next  period 
cerhvinly,  a vast  variety  of  animal  life  of  all  the  sub-kingdoms,  excejU 
tlie  Vertebrata,  while  in  the  succeeding  or  thinl  known  period,  we  find 
remains  of  fishes,  and  then  of  reptiles  in  the  fourth  or  fifth.  Still,  in 
all  the.  PaliBozoic  series  of  rocks,  there  has  yet  been  no  ti*ace  found  of  a 
mammal  or  a bird.  In  the  very  lowest  member  of  the  Mesozoic  series, 
however,  namely,  the  Trias,  though  in  the  upper  part  of  that  member 
which  is  called  the  Keuper,  the  tooth  of  a mammal  has  occurred,  and 
in  some  still  newer  rocks  the  tracks  of  gigantic  birds  and  the  jaws  of 
several  mammals. 

Now,  it  may  be  that  we  have  in  these  facts  a true  picture  of  the 
c^oursc  of  creation  ; that  during  the  earlier  Palajozoic  periinls  no  Verte- 
brata existed ; that  at  length  fishes  and  then  reptiles  were  introduced, 
but  that  long  ages  still  elapsed  before  birds  and  mammalia  were  placed 
upon  the  glolje.  -On  the  other  hand,  this  7nag  be  only  the  apparent, 
and  not  the  real  coiu^  of  creation  ; it  may  appear  to  us  so,  solely  from 
tlie  deficiency  and  imperfection  of  our  reconls.  A single  disaivery  of 
a fish  scale  or  a fragment  of  a reptile  in  the  Lower  Silurian  or  Cam- 
brian rocks  would  greatly  damage  the  hypothesis ; a tooth  of  a mammal 
in  the  Palaeozoic  rocks  would  upset  it  altogether.  Negative  evidence 
should  never  be  taken  at  more  than  its  true  value,  and  the  process 
re(|uires  to  be  indeed  an  exhaustive  one  before  the  non-existence  of  a 
thing  can  be  held  to  be  established,  because  we  have  not  yet  been  able 
to  find  it. 

The  existence  of  Mammalia  in  the  Secondary  rocks  was  long  com- 
bated. First  one  or  two,  and  then  five  small  under  jaws  were  found 
in  the  Stonesfield  Oolite.  At  first  those  were  supposed  to  bo  marsupial 
only,  the  lowest  of  the  Mammalia,  then  Profcs.sor  Owen  shewed  that 
one  at  least,  the  Stereognathus  ooliticus,  was  a placental  mammal,  pro- 
bablv  one  “of  the  non-ruminant  Artiodactvla,  and  therefore  of  the  same 
division  as  our  hippopotami  and  swine;  another  placental  mammal, 
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Spalacotherimn,  one  of  the  Insectivora,  was  found  in  the  Purbeck  rocks; 
and  quite  recently,  by  the  labours  of  Mr.  Beckles  and  Mr.  Brodie,  no 
less  than  twelve  or  thirteen  new  species  of  mammals  have  been  found 
in  the  same  formation.  Tliese  have  been  determined  by  Dr.  Falconer, 
Professor  Owen,  and  Sir  C.  Lyell,  to  belong  to  eight  or  nine  genera, 
Triconodon,  Plagiaulax,  etc,,  some  marsupial,  others  placental.  They 
were  all  found  in  one  little  bed  not  more  than  six  inches  thick,  and 
within  a space  of  twenty-two  yards  square,  and  Sir  0.  Lyell  justly 
ol)serves,  tliat  these  very  beds,  which  altogether  are  1 60  feet  thick,  had 
been  diligently  explored  by  many  observers — including  the  Geological 
Survey — <luiing  many  years,  one  specimen  only  having  been  at  length 
found  by  Mr.  Brodie,  and  that  it  was  not  till  that  bed  was  quarried 
expressly  for  the  purpose  by  Mr.  Beckles  that  these  new  discoveries 
were  made.  He  also  remarks  on  the  bearing  of  these  discoveries  on  the 
value  of  negative  evidence,  as  follows : — The  Purbeck  rocks  “ have  been 
divided  into  three  distinct  groups  by  Forbes,  each  characterised  by  the 
same  genera  of  pulmoniferous  mollusca  and  cyprides,  but  these  genera 
being  represented  in  each  group  by  diflerent  .species ; they  have  yielded 
insects  of  many  orders,  and  the  fruits  of  several  plants ; and  lastly, 
they  conbiin  several  ‘ dirt  beds,’  or  old  terrestrial  surfaces  and  soils,  at 
different  levels,  in  some  of  wliich  erect  tmnks  and  stumps  of  Cycada 
and  Conifenc,  ■with  their  roots  still  attached  to  them,  are  preserved. 
Yet  w’hen  the  geologist  inquires  if  any  land  animals  of  a higher  grade 
than  Reptiles  lived  during  any  one  of  these  three  perio<l8,  the  rocks  are 
all  silent,  save  one  thin  layer  of  a few  inches  in  thickness ; and  this 
single  page  of  the  earth’s  history  suddenly  reveals  to  us,  in  a few  iveeks, 
the  memorials  of  so  many  species  of  fossil  mammalia,  that  they  already 
outnumber  those  of  many  a sub-division  of  the  tertiary  series,  and  far 
surpass  those  of  all  the  other  secondaiy  rocks  put  together!” 

Such  a thin  seam,  one  of  those  smiill  exceptions  in  the  great  series 
of  aqueous  rocks,  "vs'liich  contains  the  remains  of  land  animals,  might 
lie  hidden  for  centuries  even  in  the  formations  which  are  most  searched 
by  the  quarryman,  miner,  and  geologist,  or  might  be  freciuently  passed 
through  by  the  two  former,  without  lia\ing  been  sufficiently  examined 
by  the  latter.  Gn?at  as  have  been  the  lalx)urs  and  researches  of  geolo- 
gists hitherto,  w’e  can  only  look  upon  them  as  but  having  made  a com- 
mencement, and  laid  the  foundation  for  more  complete  discoveries  being 
made  in  the  future. 

Oil  the  Orujin  of  Species. — Naturalists  have  long  experienced  the 
utmost  difficulty  in  detenninbig  the  limits  of  species.  Tliis  difficulty 
has  been  felt  both  as  to  plants  and  animals,  with  resjKJct  to  living  as 
W'ell  as  fossil  forms.  One  man  has  made  several  distinct  species  out  of 
various  forms  which  another  has  consideretl  as  mere  varieties  of  one 
species.  The  only  satisfactory  test  of  the  distinctness  of  species  that 


THE  ORIGIN  OF  SPECIES.  41 7 

has  ever  been  agreed  upon  is  that  derived  from  the  power  of  a species 
to  reproduce  its  like. 

The  individuals  or  pairs  of  a species  are  fertile,  and  produce  their 
like,  while  it  is  impossible  to  procure  a cross  between  two  different 
species  unless  they  are  very  closely  allied,  and  then  the  progeny  is  called 
a mule  or  hybrid,  and  remains  barren.  It  results  from  this  principle 
that  the  whole  of  the  individuals  of  a species  are  the  descendants  of 
one  common  parent.  Doubt,  however,  has  been  cast  upon  this  test 
with  respect  to  some  plants,  and  even  to  some  animals.  Many  natu- 
ralists, for  instance,  believe  that  some  of  our  domestic  animals,  as  the 
dog,  for  instance,  are  the  commingled  descendants  of  two  or  three  species 
originally  distinct. 

In  this  view*,  a hybrid  or  mule,  the  result  of  the  crossing  of  distinct 
species  of  plants  or  animals,  is  merely  an  exaggeration  of  a mongrel  or 
cross  between  distinct  breeds  or  varieties. 

Still  there  seems  to  remain  an  essential  distinction  between  a species 
and  a mere  breed  or  vaiiety  in  this  respect,  and  not  only  a distinction, 
but  a contrast,  for  wliile  the  oflfspring  of  distinct  species  are  usually  not 
only  sterile  but  degenerate  in  strength  and  appearance,  the  “ crossing 
of  breeds  ” almost  invariably  improves  the  descendants,  both  in  fertility 
and  every  other  respect. 

Mr.  Darwin,  who,  as  every  one  knows,  has  lately  treated  of  this 
subject  in  his  usuid  clear  and  admirable  manner,  proposes  to  account 
for  the  origin  of  species  by  a doctrine  which  he  terms  that  of  natural 
selection. 

I will  endeavour  to  give  a brief  account  of  his  hypothesis. 

Species  of  plants  and  animals  have  a natural  tendency  to  produce 
“ bre^s,”  “ races,”  or  “ varieties,”  under  the  continual  influence  of 
external  modifying  causes,  or  all  those  surroimding  circumstances  which 
we  may  include  imder  the  term  of  “ climate.”  If  any  number  of  indi- 
viduals be  placed  in  a favourable  “ climate  ” (including  food  and  every- 
thing relating  to  their  wellbeing  under  the  term  “ climate  ”),  then  those 
individuals  will  gradually  become  an  improved  breed.  K the  “ climate  ” 
be  unfavourable,  the  breed  will  degenerate. 

If,  again,  hi  any  region  in  which  the  same  climate  prevails  through- 
out, individuals  of  a species  of  plant  or  animal  should  be  pro<luced  by 
any  physiological  or  other  accident,  differing  in  any  important  way  from 
the  other  individuals  of  the  species,  and  that  difference  (whether  it 
might  to  us  appear  an  improvement  or  the  reverse)  should  be  of  any 
advantage  to  the  individual  possessing  it,  it  would  naturally  be  used 
and  strengthene<l  by  use  and  exercise,  and  transmitted  to  the  progeny 
of  those  individuals. 

In  this  way  a process  would  be  set  up  naturally,  similar  to  that 
which  breeders  of  plants  or  animals  follow  designedly.  A breeder 
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selects  the  individuals  which  hapjKin  to  possess  the  qualities  he  desires, 
and  hree<ls  from  them,  Uiking  care  to  surround  them  during  the 
process  with  the  kind  of  “ climate  ” favourable  to  the  success  of  the 

process, 

Tlie  differences  artificially  produced  in  breeds  are  very  striking ; 
such  as  the  difference  between  the  Shetland  jx^ny,  the  Flemish  cart- 
horse, and  the  English  racer  ; tliat  between  different  breeds  of  sheep 
ami  oxen  ; the  difference'  between  the  varieties  of  fruits  and  vege- 
tables ; the  ilifferent  bree«ls  of  domestic  poultry'  ; the  different  pigeons 
of  pigeon  fanciers  ; and  the  vast  variety  of  dogs,  though  Mr.  Darwin 
believes  that  the  latter  is  to  some  extent  to  lx;  accounted  for  j>erhaps  by 
the  commingling  of  two  or  three  allied  specii^s. 

His  hy]K>tliesis  is  that  these  varieties  which  art;  so  numerous,  and 
s<)me  of  which  remain  so  imchangt?<l,  may,  if  the  surrounding  circum- 
stances conducive  to  them  remain  for  a great  length  of  time  unaltered, 
result  in  the  production  of  new  sjx*cies.  He  looks  upon  the  difference 
between  a jx-nnanent  variety  and  a species  as  one  which  has  every 
degree  of  gradation,  ami  finally  vanishes. 

Tlie  obnous  objection  to  this  hyp^dhesis  is  that  no  one  has  yet 
succeede<l  in  pro<liicing  a new  sjxcies,  that  is,  a breed  or  variety  of 
animal  or  plant  which  is  incajiable  of  proi>agating  its  kind  with  other 
bree<ls  or  varieties  of  the  sjxcies  fn:>m  which  it  w'as  itself  originally 
derivinl.  This  objection,  however,  is  merely  saying  that  Mr.  Darwin’s 
liyjKithesis  Inis  not  yet  been  converted  into  an  undoubted  theory  by 
proof  tantamount  to  abscdute  demonstration. 

His  hypothesis  may  l>e  true,  even  if  man  is  incapable  of  doing  the 
ivork  of  nature,*  from  want  either  of  the  requisite  time,  or  of  all  the 
means  which  nature  uses. 

Mr.  Darwin’s  hy]xithesis  is  one  which  the  professed  biologist  alone 
is  comjM'tent  to  discuss.  To  a (question  in  pure  phy.sioh^',  the  answer 
of  the  phy.siolc^dst  only  is  of  any  value  a.s  an  authoritative  opinion. 

Mr.  Darwin's  hiqwlhesi.s,  that  varieties  are  incipient  species,  or  any 
other  reasonalde  hy])othesis,  of  the  slow  and  giadual  evolution  of  species 
from  j>rece<Hng  s|xcies,  would  agree,  well  with  the  knovm  facts,  whether 
])ala?(jntological,  lithological,  or  petrologiciil,  that  we  meet  with  in  iiives- 
tigjiting  the  structure  of  the  earth’s  crust. 

Tliere  are  two  classes  of  facts  in  the  study  of  fossils  which  would 
Ixi  naturally  explicable  on  such  a biqxjtliesis,  and  seem  difficult  to 
account  for  without  it. 

1.  It  is  of  course  impossible  to  apply  the  test  of  sterility  or  fertility 
to  the  study  of  fossil  sjxcies.  Tlie  palmontologic.al  biologist  is  reduced  to 
tlie  coiniMuison  of  foniis  only,  often  of  jiarts  of  fonns  only.  Tlie  diffi- 

• To  ob>-iat«  ravil,  I l>og  leave  to  state  that  the  word  “Nature”  is  used  here  as  a rever- 
ential ixriphrasia  for  the  Laws  of  the  Creator. 
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ciUty  of  distinguishing  between  species  and  varieties  presses,  therefore, 
still  more  strongly  on  him  than  on  the  biologist,  who  studies  living 
beings  only.  Tliis  difficulty  occurs  to  the  pilseontologist  when  studying 
a number  of  fossils  derived  from  the  sjune  bed  of  rock,  and  which  were 
therefore  all  contemporaneous  •with  each  other. 

But  when  the  pal£e<jntologist  has  a great  series  of  l>eds  to  deal  with, 
and  to  trace  one  or  mon;  sj)ecies  thi-oughout  this  series,  he  meets  "with 
another  phase  of  the  difficulty.  Ceitain  forms  may  be  met  with  in  the 
lower  be<ls  that  seem  to  lx*  jHjrfectly  distinct  siHJcies  from  others  in  the 
np])er  beds,  although  allied  to  them,  but  he  in  some  cases  meet 
■with  intermediate  gradations  of  fonn  in  the  intenmnliate  beds,  and  is 
therefore  compelled  to  hx)k  on  those  as  mere  varieties  of  one  s|xcies, 
which  he  pre\dously  considered  to  be  undoubtedly  two  distinct  species. 
How'  is  he  heuceforwanl  to  l>e  sure  that  other  fonns  (juite  a.s  sjjecitiailly 
distinct,  an<l  derived  frr)m  ditierent  sets  of  be<ls,  w'ould  not  graduate  into 
each  other  as  insensibly  if  he  could  find  the  beds  which  were  ileposited 
in  the  interval  between  these  two  sets,  and  they  happened  to  contain 
the  re<iuired  fossils. 

If  sjKJcies  be  merely  the  descendants  of  other  species,  the  existence 
of  intermediate  fonns  of  gradation  is  a necessiuy  and  unavoidable  conse- 
quence, and  instead  of  being  a difficulty,  is  always  to  be  exju^ctetl. 

Tlie  h\q)othesis  of  descent,  again,  at  once  gives  us  a natural  explana- 
tion of  the  law  of  approximation  to  liring  fonns,  and  conversely,  the 
existence  of  that  law,  w'liich  is  one  that  ainnot  be  gainsaid,  lends  a 
strong  support  to  the  idea  of  such  a hypothesis,  and  seems  imperatively 
to  demand  it.  Tlie  one  apix^ara  to  be  the  natural  result  of  the  other. 

This  hypothesis,  moreover,  givas  a natund  explanation  of  the  fact 
of  the  non-recurrence  of  species  that  have  once  become  extinct. 

2.  Tliere  is  another  class  of  facts  in  palajontologj'  which  lend  a strong 
support  to  Mr.  Darwin’s  hyi)othesis,  or  at  all  events  to  the  hy])othesiH 
of  existing  species  being  connected  with  extinct  by  way  of  descent. 
The  geographical  distribution  of  species  at  the  present  day  seems  to  be 
the  direct  result  of  a ])receding  geographical  distribution.  The  sloths 
and  annadillos  and  ant-eaters  now  living  in  South  America  •were  pre- 
cedetl  by  extinct  species  of  aninmls  belonging  to  the  same  onlers,  some 
of  which  exteiidetl  over  parts  of  North  as  well  as  over  South  America, 
but  none  have  Ixicn  found  beyond  those  limits.  The  extinct  kangaroos 
and  w'allibis  of  Australia  seem  to  have  been  the  progenitors  of  the 
present  races.  The  giraffe,  the  hip])oix)tamus,  the  rhinoceroses,  and 
the  pigs  of  the  Old  Continent  were  preceded  by  species,  now  extinct, 
more  or  less  closely  allied  to  them,  and  no  fossil  species  of  those  genera 
has  yet  been  foun«l  in  America. 

On  the  supposition  of  every  distinct  species  being  an  independent 
creation,  this  geographical  limitation  of  a succession  of  allied  species  is 
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unintelligible,  but  it  is  the  obvious  result  of  the  evolution  of  one  species 
from  anotlier. 

The  fact  that  vast  peiiods  of  time  are  necessary  for  such  a principle 
to  operate  so  as  ta  produce  the  required  effect,  harmonises  well  with 
all  the  otlier  facts  of  geology.  The  more  w'e  investigate  the  formation 
of  rocks,  the  relations  of  rock-masses,  the  contents  of  mineral  veins,  and 
all  other  inorganic  phenomena,  the  vaster  become  the  periods  of  time 
w'hich  unrol  themselves,  fold  after  fold,  before  the  strained  and  aching 
mental  vision.  That  the  past  organic  j)hcnomena  should  require  similar 
enormous  portions  of  eternity  for  their  elaboration,  seems  fitting  to  the 
mind  of  a geologist,  and  completes,  as  it  w'ere,  the  harmonious  concord 
of  nature’s  great  |X)em. 

Chanyes  of  Climate. — It  is  almost  solely  from  the  nature  of  the 
animals  and  plants  that  have  left  their  remains  in  the  rocks,  that  we 
can  draw  any  certain  conclusions  as  to  the  kind  of  climate  possessed  by 
different  parts  of  the  earth  w'here  those  animals  and  plants  lived. 
When  W'e  find  in  the  British  Islands  the  remains  of  crocodiles,  turtles, 
large  nautili,  and  monkeys,  together  with  palm  fruits  and  other  tropical- 
like  plants,  we  cannot  resist  the  conclusion  that  the  climate  of  the 
British  Islands  must  have  formerly  been  more  like  that  now  found 
within  the  tropics  than  that  w’hich  they  at  present  possess.  It  is  true 
that  the  plants  and  animals  are  all  of  diflerent  species  from  those  which 
now  exist,  and  we  are  taught  by  the  fact  of  the  mammoth,  or  fossil 
elephant,  and  one  of  the  fossil  rliinoceroses,  ha\Tlng  been  provided  with 
w’oolly  coats  covered  w’ith  long  hair,  and  therefore  fitted  to  live  in  much 
cooler  climates  than  any  existing  species  of  elephant  or  rhinoceros,  not 
to  rely  too  implicitly  on  mere  analogies  of  form  ; still  the  fact  of  the 
w’hole  assemblage  of  the  fossils  of  certain  great  groups  of  rock  being 
stamped  wdth  a tropical  “ facies,”  is  very  strong  evidence  in  favour  of 
their  having  enjoyed  a tropical  climate. 

But  we  may  extend  this  argument  to  still  higher  latitudes.  By  the 
zealous  and  enlightened  labours  of  our  arctic  navigators,  especially  those 
of  Sir  Leopold  M‘Clintock,  of  Sir  E.  Belcher,  and  others  of  late,  and  of 
Parry  formerly,  we  have  been  put  in  possession  of  the  very  remarkable 
fact  that  in  latitudes  where  now  sea  and  land  are  buried  in  ice  and 
snow  throughout  the  year,  and  there  are  several  months  of  total  dark- 
ness, there  formerly  flourished  animals  and  plants  very  similar  to  those 
living  in  our  owm  province  at  that  time  ; and  it  would  appear  that 
similar  animals  and  plants  were  then  w’idely  spread  over  the  w'hole 
world. 

Tliere  are  large  tracts  of  country  lying  between  73°  and  76°  of  N. 
lat.,  and  84°  and  96°  of  W.  long.,  in  w'hich  the  rocks  confiiin  Upper 
Silurian  fossils.  In  the  same  latitudes,  but  extending  farther  west, 
beds  of  coal,  with  Carboniferous  plants,  like  those  of  Europe,  were 
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found  ; and  still  farther  north  and  west,  extending  up  to  77®  20',  or 
thereabouts,  are  limestones  full  of  Carboniferous  corals  and  shells 
(Orthoceras,  etc.,  as  well  as  Brachiopoda),  while  in  Prince  Patrick’s 
Island,  at  Wilkie  Point,  in  lat.  76°  20'  N.,  and  long.  117°  20'  W., 
Oolitic  rocks  containing  an  Ammonite  {Ammonites  M^Clintockiy  Haughton) 
like  A.  conca\ms,  and  other  shells,  were  found  by  M'Clintock  ; and, 
moreover,  from  Exmouth  and  Table  Islands,  lat.  77°  10',  long  95°,  part 
of  an  ichthyosaurus  was  brought  by  Sir  E.  Belcher. — (See  Fate  of 
Franklin  and  his  Discoveries^  by  Captain  Sir  F.  L.  M'Clintock,  and  Ap- 
pendix by  Rev.  Professor  Haughton.) 

These  facts,  all  pointing  in  the  same  direction,  compel  us  to  believe 
that,  during  at  least  a part  of  the  primary,  secondary,  and  tertiary  epochs, 
the  general  climate  of  the  globe  was  higher  and  more  equable  than  at 
the  present  day. 

The  existence  of  the  plants  in  such  high  latitudes  seems  inconsistent 
not  only  ^^'ith  their  present  cold  temperature,  but  also  with  the  three  or 
four  months’  darkness  which  must  have  prevailed  there,  so  long  as  the 
axis  of  the  earth  has  retained  its  present  inclination  to  the  plane  of  its 
orbit,  or  anything  approaching  to  that  inclination.  If,  on  the  other 
hand,  we  had  any  warrant  for  supposing  that  the  earth’s  axis  was  for- 
merly perpendicular  to  that  plane,  and  that  the  ]dane  of  the  equator, 
consequently,  coincided  vdth  that  of  the  ecliptic,  the  difficulty  as  regards 
light  in  the  polar  regions  would  vanish,  since  there  would  then  be 
eternal  sunshine  near  the  poles,  and  alternations  of  day  and  U^^light, 
with  no  real  night,  dowm  nearly  to  the  Arctic  and  Antarctic  circles, 
with  equal  day  and  night  over  the  rest  of  the  world. 

It  remains  for  astronomers  to  decide  upon  the  probabihty,  or  other- 
wise, of  such  a supposition. 

It  does  not  appear  that  any  such  shifting  of  the  direction  of  the 
earth’s  axis  would  at  all  accoimt  for  changes  of  climate  in  the  opposite 
direction,  of  which  there  is  nevertheless  good  proof,  both  palax)utological 
and  petrological. 

It  appears  certain,  that  not  only  over  the  northern  temperate  regions, 
but  as  far  south  as  the  Himalayah  Mountains  at  least,  the  climate  was 
once  more  cold  and  severe  than  it  is  at  present,  the  sea  being  encum- 
bered with  icebergs  and  the  land  with  glaciers  far  beyond  the  limits  to 
which  glaciers  and  icebeigs  now  extend. 

Sir  C.  Lyell  shewed  that,  so  far  as  temx>erature  is  concerned,  a great 
effect  would  be  produced  by  shifting  the  position  of  the  present  lands 
and  seas  of  the  globe.  If  the  land  which  now  circles  round  the  north 
polar  regions,  and  that  which  we  know  exists  near  the  South  Pole,  were 
sunk,  the  temperature  of  the  polar  regions  would  be  raised,  in  conse- 
quence of  the  sea  there  not  becoming  so  cold  as  land  does,  while,  if 
the  central  portions  of  the  great  Pacific  and  Indian  Oceans  were 
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occupied  by  nearly  continuous,  but  not  very  high  land  instead  of  sea, 
their  tempeniture  would  be  raise<l  in  consequence  of  low  land  under  the 
vertical  sun  becoming  hotter  tlian  sea  does.  The  e.vact  opposite  etfect 
would  be  produced  by  clustering  still  more  land  about  the  poles,  and 
diminishing  that  which  now  exists  in  the  e<^uatorial  regions  of  the 
earth. 

Lyell  shews  that  a great  summer  and  A\'inter  of  the  earth’s  climate 
might  be  thus  pi-oduced  by  merely  shifting  the  place  of  our  present 
continental  lands. 

If  we  supposed  those  lands  to  be  broken  up  into  islamls  when  they 
were  congregated  in  the  trojncs,  instead  of  remaining  jis  continents,  so 
as  to  allow  open  passages  for  the  ocean  ciiri'ents  in  all  dii’ections,  and  a 
free  circulation  of  the  wanner  surface  water  to  be  set  uj^,  we  might  possibly 
have  ice  entiivly  removed  from  the  low  lands  of  the  whole  earth,  and 
existing  only  on  the  loftiest  mountain  summits.  (See  Professor  Hennessy’s 
Remarks  on  Terrestrial  CUmatey  Atlantis^  January  1859.) 

Practical  imj^ortance  of  Fossils. — The  imjx)rtance  of  the  study  of 
fo.ssils  to  all  those  who  wish  not  only  to  learn  the  past  history  of  life 
upon  the  globe,  but  to  understand  the  problems  involved  in  its  present 
multi})licity  of  form  and  variety  of  difl'usioin, 'W'ill  be  obNuous  even  from 
the  slight  and  hasty  observ'ations  that  i>recede.  Their  importance,  how- 
ever, is  not  limited  to  the  theoretical  si)ecuhitions,  or  the  philosophical 
conclusions  that  may  be  derived  from  them,  fo»  those,  like  many  other 
scientific  conclusions,  may  be  coined  into  actual  money,  or  money’s 
worth,  by  their  practical  application. 

If  in  any  particular  part  of  the  earth,  beds  of  any  substance  of 
economic  value  to  man  were  fomied  dining  a ixiriicidar  geological 
period  only,  it  is  obvious  that  those  beds,  and  the  others  in  which  they 
Ue,  will  conttuii  the  remains  of  the  animals  and  plants  that  lived  dur- 
ing that  perioil,  and  no  others.  If,  therefore,  the  valuable  beds  be  but 
a few  thin  seams  occurring  here  and  there  in  a great  series,  and  our 
ol:»ject  be  to  discover  where  any  part  of  that  series  reaches  the  surface, 
in  order  that  we  may  search  for  the  valuable  beds,  it  is  clear  that  the 
fossils  Mill  be  of  the  greatest  assistance  to  us. 

The  mere  lithological  character  of  the  other  beds  of  the  series  may 
be  of  little  or  no  use  to  us  as  a guide,  and  may  even  mislead  us, 
since  there  may  be  other  series  having  beds  of  precisely  similar 
character,  but  not  containing  the  valuable  beds. 

The  most  striking  instance  of  what  is  here  stated  generally,  is  the 
occurrence  of  beds  of  cotd  in  the  part  of  the  series  wluch  is  hence  called 
the  Carboniferous  formation.  Coal  is  not  confineil  to  that  formation, 
since  in  diflerent  part.s  of  the  world  good  workable  coal  occurs  in  other 
formations  ; but,  in  Britain  and  Western  Europe,  although  thin  beds  of 
coal  occur  in  other  formations,  extensive  betls  of  workable  coal  have  only 
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been  found  in  the  Carboniferous  formation.  Coal  is  usually  associated 
with  black  and  gray  shales  in  that  formation,  and  the  same  association 
occurs  in  other  formations,  where  the  coal  is  too  impui*e  or  in  too  small 
quantity  to  be  valuable.  Black  and  *^y  shales  also  occiu'  in  parts  of 
the  Carboniferous  series,  where  tliere  is  no  coal,  and  in  other  fonnations 
entirely  dev'oid  of  coal.  The  coal  miner  being  always  accustomed  to 
see  coal  associated  with  Idack  and  gray  shale,  and  not  having  had  occa- 
sion, like  the  geologist,  to  see  black  and  gray  shales  in  other  fonnations, 
naturally  looks  upon  the  occurrence  of  the  black  and  gray  shale  as  uidi- 
cative  of  the  presence  of  coal.  The  geologist,  on  the  other  hand, 
having  a wider  experience,  knows,  that  not  only  do  black  and  gray 
shales  occur  where  there  is  no  chance  of  coal  being  found,  but  that 
even  thin  seams  of  coal  occur  in  formations  where  no  coal  worth  work- 
ing has  ever  been  foimd  in  the  British  area  or  in  Western  Euroj^e. 

He  therefore  knows,  that  all  “ indications”  are  woilhless  as  evi- 
dence of  the  presence  of  the  “ Carbonifen)Us  fonnation,”  except  the 
occurrence  of  the  “ carboniferous  fossils.” 

Even  where  the  fossils  occiur  there  may  be  no  coal,  but  all  sinking 
for  coal  in  beds  containing  any  other  than  the  Carbonilerous  fossils  is 
pure  waste  of  labour  and  money. 

Within  my  own  exi>erience  large  sums  of  money  have  l>een  abso- 
lutely thrown  aw'ay,  which  tlie  slightest  acquaintance  \vith  palceontology 
would  have  saved.  I have  known,  even  in  the  ricli  coal  district  of 
South  Staffordshire,  shafts  continued  down  below  the  Coal-measiuxjs 
deep  into  the  Silurian  shales,  w'ith  crowds  of  fossils  brought  up  in  every 
bucket,  and  the  sinker  still  expecting  to  find  coal  in  beds  below  those 
Silurian  fossils.  I have  known  deep  and  expensive  shafts  sunk  in 
beds  too  far  above  the  Coal-measures  for  their  ever  being  reached, 
and  similar  expensive  shafts  sunk  in  Idack  shales  and  slates  in 
the  low'er  rocks  far  below  the  Coal-mea.sures,  where  a pit  might  be  sunk 
to  the  centre  of  the  earth  without  ever  meeting  with  coal.  Nor  are 
these  fruitless  enteqmses  a thing  of  the  ]>ast.  They  are  still  going  on 
in  spite  of  the  silent  warnings  of  the  fossils  in  the  rocks  around,  and 
in  spite  of  the  loudly-expressed  w'amings  of  the  geologists,  w'ho  under- 
stand them,  but  who  are  supposed  still  to  Ije  vain  theorists,  and  not 
to  know  so  much  as  “ the  practical  man.”  * 

* I have  elfMJwhcre  Htatod  my  belief  tliat  the  amount  of  money  fruitlessly  expended  In 
a ridiculous  search  after  coal,  even  within  my  own  espcrience,  would  have  ])aiil  the  entire- 
cost  of  the  Gtivemment  Geological  Survey  of  the  Unite<l  Kingdom.  It  is  a curious  per- 
versity of  the  human  mind,  that  men  prefer  to  take  the  advice  of  those  whose  interest  it  is 
to  get  them  to  spend  money,  rather  than  the  warnings  of  those  who  can  have  no  interest  in 
inducing  them  not  to  si>end  it. 


PART  III. 
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CHAPTEE  XXVI. 

PRELIMINARY  OBSERVATIONS. 

In  the  two  preceding  parts  we  have  been  dealing  with  general  prin- 
ciples : — 

In  the  first  place,  we  examined  the  composition  and  mode  of  pro- 
duction of  ruck  generally  ; in  the  second,  tlic  great  structures  which  are 
common  to  rocks  of  all  kinds  and  of  all  ages  ; while,  in  the  third,  we 
considered  fos-sil  animals  and  plants  in  their  relations  to  living  beings, 
and  mentioned  some  of  the  general  facts  of  distribution  observed  by 
them,  and  general  conclusions  to  be  drawn  from  them. 

We  had  freiiuent  occasion  to  note  tlie  vast  periods  of  time  required 
for  the  production  of  the  different  phenomena  we  met  with,  but  we 
did  not  stop  to  consider  the  relations  of  these  several  periods  of  time  to 
each  other,  or  to  describe  in  regular  order  and  sequence  the  events 
which  had  happened.  This  is  now  what  remains  for  us  to  do. 

We  have  to  give  a histoiy  of  the  formation  of  the  crust  of  the 
earth,  by  tracing  out  the  order  of  succession  of  the  different  rock  groups 
of  which  it  is  made  up,  noting  the  causes  which  operated  in  their  pro- 
duction, and  gleaning,  from  their  relation  to  each  other,  some  notion, 
perhaps,  of  ■what  happened  in  the  periods  that  intervened  between  the 
times  of  their  production. 

The  way  in  which  this  knowledge  is  to  be  gained,  will,  I think,  be 
sufficiently  obvious  from  what  has  been  said  before.  At  page  234, 

we  saw,  that  after  having  acquired  a knowledge  of  the  number  and 
nature  of  a series  of  beds,  by  examining  a cliff  on  the  sea-shore,  or 
other  “ section”  where  tliey  were  well  exhibited,  any  little  natural  or 
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artificial  excavation  in  the  interior  of  the  country  which  enabled  us  to 
identify  one  of  these  beds  assured  us  of  the  presence  of  the  rest  above 
and  below  it.  By  searching  out  places  where  such  “ sections”  are  to 
be  seen,  and  then  follou-ing  them  by  different  indications  across  coun- 
tries, and  identifying  them  either  by  lithological  or  palaeontological 
characters,  or  by  actually  following  tlieir  outcrop  without  losing  sight 
of  them,  and  performing  the  same  process  for  the  sets  of  beds  that  suc- 
cessively cover  them,  or  rise  up  from  beneath  them,  we  eventually  sur- 
vey great  tracts  of  country,  and  arrive  at  a knowledge  of  the  order  and 
succession  of  subten-anean  groups  of  rock,  to  a much  greater  depth  than 
it  would  be  possible  to  reach  to  by  any  process  of  mining  or  direct 
excavation. 

The  histor}'  of  the  formation  of  the  whole  crust  of  the  globe,  then, 
is  to  be  learned  by  piecing  together  our  knowledge  of  different  parts  of 
it,  each  pai-t  being  separately  investigated,  and  joined  to  another  by 
means  of  some  j)ortion  or  portions  that  are  proved  to  be  common  to  the 
two.  Suppose,  for  instance,  that  the  group  of  beds  from  a to  i (fig.  28, 
p.  234),  were  seen  in  one  j)lace,  and  that  we  there  learnt  the  history  of 
their  production,  and  gained  thereby  a record  of  which  the  earliest 
portion  is  contained  in  the  beds  at  n,  and  the  latest  in  the  beds  at  b ; 
and  suppose  that  no  beds  above  h were  there  visible,  but  that  we  could 
either  trace  h into  another  district,  or  could  identify  it  there,  and  that 
we  then  found  another  great  series  of  beds  over  i,  and  there  learnt  the 
history  of  their  production,  carr}’iug  it  on  to  the  beds  about  d for 
instance  ; it  is  clear  that  we  should  there  extend  our  record  from  a to  d, 
and  this  we  should  do,  whether  or  no  there  may  be  any  one  place  where 
the  whole  series  of  beds,  from  a to  d^  be  simultaneously  present. 

We  might  give  this  history  in  either  of  two  ways,  namely,  by  inves- 
tigating or  tracing  it  backwards  from  the  present  to  the  past,  or  by 
narrating  it  as  nearly  as  possible  in  the  order  in  which  it  occurreiL  I 
prtffer  the  last  metho<l  as  the  shorter  and  more  intelligilde,  since  it  is 
hoped  that  the  previous  parts  of  this  work  will  have  sufiiciently  pre- 
pared the  student  to  understand  it. 

As,  however,  to  narrate  tliis  history  in  full,  even  so  far  as  it  is 
alresuly  knowm,  would  re<iuire  a library  rather  than  a book,  what  •wdU 
be  here  given  must  be  taken  as  a mere  abstract,  a chronological  table 
rather  than  a history,  by  means  of  which  the  student  will  be  able  to 
refer  to  its  proper  period  any  more  detailed  account  of  its  different  por- 
tions, which  he  may  either  read  of  or  obsen’^e  for  himself. 

Even  this  abstract  is  a very  iiii])erfect,  broken,  and  fragmentary  one. 
Comj)aratively  few  parts  of  the  earth’s  surface  hav^e  as  yet  had  their 
structure  even  sketched  out ; still  fewer  have  been  accurately  suiA’cyed, 
and  had  their  details  thoroughly  unravelled.  Many  of  the  events, 
therefore,  which  ore  now  supposed  to  have  occurred  contemporaneously 
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in  different  places,  may  in  reality  have  occurred  in  succession  ; many 
which  are  siij)posed  to  have  directly  succeedeil  cjich  other  may  have 
been  separated  in  reality  by  great  sj)aces  of  time,  of  which  there  are  no 
records  as  yet  discovered,  or  of  which  none  may  ever  be  foiuid.  It  is 
obvious  that  all  future  discoveries  mav  udd  to  the  time  we  know  to 
have  elapsed,  but  cannot  diminish  it. 

As  the  structure  of  the  British  Islands  is  better  known  than  that  of 
any  other  part  of  the  globe  of  equal  dimensions,  and  contains  a more 
complete  series  of  rocks  in  a small  sjxice  than  any  other  district,  we 
shall  take  that  as  the  i)rincipal  authority  for  oiu-  liistory,  pointing  out 
the  several  groups  of  rock  which  were  produced  in  this  part  of  the 
globe  during  the  several  ]>eriods,  mentioning  a few  of  the  principal  fossils 
they  enclose,  an<l  then  give  some  of  those  other  well-known  tjq^ical 
groups  of  rock  wdiich  are  believed,  or  are  known,  to  have  been  depo- 
sited contemporaneously  with  them  in  other  parts  of  the  earth.  Where 
a group  of  rocks  is  know'ii  of  which  we  have  no  cotemponiry  repre.sen- 
tative  in  the  British  Islands,  it  will  of  course  be  best  to  describe  it  from 
its  best  known  locality.  Our  history,  however,  wdll  be  chiefly  that  of 
the  formation  of  the  Celtic  or  Britisli  province,  as  w'e  may  call  it,  with 
occji-sional  reference  to  the  history  of  other  provinces. 

Chronological  Nomenclature.— Qno.  difficulty  meets  us  at  the  outside 
as  to  our  nomenclature,  that  is,  as  to  the  names  w'e  are  to  give  to  the 
<lifferent  periods  of  past  time.  This  difficulty  must  at  present  lx; 
evaded,  since  the  time  has  not  yet  arrived,  that  is  to  Si\y,  oiu*  know- 
ledge is  not  yet  complete  enough  to  enable  us  to  overcome  it. 

The  early  geological  observers  described  certain  kinds  of  rock,  to 
w'hich  i)articular  names  were  given.  These  names  wrere,  in  the  first 
instance,  lithological,  or  descriptive  of  the  kind  of  stone,  of  which 
Chalk  and  Oolite  are  instances.  In  other  cases  they  w'ere  petrological, 
such  as  Mountain  Limestone,  Coal-measures,  etc.  Others  again  w'ere 
geographical,  of  which  Wealden,  Neocomian,  Silurian,  Oxford  Clay,  are 
exami)les  ; wdiile  others  were  local  terms  adopted  by  geologists,  such  as 
Lias,  Conibrash,  Gault,  etc.  Such  terms  as  Old  and  New  Red  Sand- 
stone w'ere  combined  lithological  and  |Xitrological  terms,  i-efeiring  at  once 
to  the  kind  of  rock  of  which  they  were  composed,  and  their  relative 
place  in  the  series. 

Gradiuilly,  as  extended  observation  shew'ed  that  aciueous  rocks 
occurred  in  a certain  onler,  and  formed  a succession  of  beds  regularly 
sui>erimposed  one  ui)on  the  other,  a chronological  sense  began  to  be 
extended  to  the.se  terms,  for  it  w'as  clear  that  each  bed,  and  each  group 
of  beds,  was  newer  than  those  below’  it,  and  older  than  those  above  it, 
while  those  occupying  the  same  ]>hice  in  the  series  wen',  contempora- 
neous. Thus,  The  Oolite,  and  The  Chalk,  came  to  mean,  not  only  the 
rocks  to  w’hich  those  names  were  first  and  truly  aj)plied,  becau.se  they 
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consisted  of  tlie  kind  of  stone  called  Oolite  and  Chalk,  but  also  all 
other  kinds  of  rocks  which,  ha^dng  been  formed  about  the  same  period 
as  these,  occupied  the  same  relative  place  in  the  general  series,  and  con- 
tained the  same  fossils.  Tlie  Cretaceous  or  Chalk  rocks,  then,  might  be 
made  either  of  white  chalk,  of  black  marble,  of  brown  sandstone,  or 
blue  slate  ; “ Cretaceous  rocks”  meaning  in  reality  only  rocks  of  the 
same  age  as  the  Chalk.  Silurian  rocks,  in  like  manner,  mean  those  of 
the  same  age  as  the  rocks  of  Siluria,  and  so  of  the  rest.  This  double 
signification  of  words  is  almost  unavoidable,  and  the  student  will  find 
himself  naturally  and  inevitably  falling  into  it  in  the  course  of  his  geolo- 
gical j)ursuits.  When,  then,  we  speak  of  Silurian,  or  Carboniferous,  or 
Oolitic,  or  Cretaceous  periods  of  time,  the  reader  must  pardon  the  appa- 
rent contnuliction  in  the  terms,  and  look  on  the  names  as  names  onlyy 
and  not  as  descriptive  designations. 

This  is  indeed  what  w’e  do  in  ordinary  language,  and  in  human  his- 
tory, since  we  speak  of  the  Babylonian,  the  Greek,*  or  the  Roman  periods, 
and  thus  give  chronological  significations  to  mere  geographical  terms. 

It  is  doubtless  puzzling  enough  at  first,  if  vre  are  shewTi  in  South 
America  a moimtain  of  blue  clay-slate,  and  told  that  that  is  “ Chalk 
or,  if  w'e  find  the  same  term  applied,  in  North  America,  to  a group  of 
sandstones,  shales,  and  coals.  Many  persons  are,  in  like  manner,  per- 
plexed when  tliey  find,  in  the  British  Islands,  clayslate  and  gray  lime- 
stone .spoken  of  as  “ Old  Red  Sand.stono  but  this  difiiculty  vanishes  if 
we  recollect,  that  when  used  geologically  these  words  mean  a period  of 
time,  and  not  any  particular  kind  of  rock. 

The  term  Old  Red  Sandstone  did  originally  mean  a kind  of  rock,  or 
rather,  it  w’as  at  first  applietl  to  a laige  group  of  rocks,  of  which  red  sand- 
stones were  the  most  conspicuous  portions,  although  beds  of  clay,  and  even 
thin  beds  of  limestone,  as  well  as  beds  of  wliite,  yellow,  or  green  sand- 
stones, did  occur  in  the  group.  It  was  called  oldy  because  it  lay  below  the 
Carboniferous  rocks,  w’hile  there  w’as  another  group  of  similar  red  sand- 
stones (with  other  subordinate  beds)  wliich  lay  above  the  Carboniferous 
rocks,  and  was,  therefore,  called  new.  The  “ Old  Red  Sandstone  ” then 
was  the  name  applied  in  Scotland,  and  in  the  borders  of  England  and 
Wales,  to  a great  group  of  rocks  lying  below  the  Carboniferoxis  group, 
and  above  the  group  w'hich  was  afterwards  called  Silurian.  But  it  has 
been  already  remarked,  that  formations,  w'hen  they  are  traced  laterally 
over  large  areas,  are  often  apt  to  change  their  lithological  characters, 
in  consequence  of  the  gradual  termination  of  one  set  of  beds  and  the 
setting  in  of  beds  of  a different  kind.  When  then  we  trace  the  Old 
Red  Sandstone  laterally  across  a large  tract  of  ground  as  we  can 
trace  it  across  the  south  of  Ireland,  for  instance,  we  need  not  feel  sur- 
l>rised  at  its  gradually  passing  from  a sandstone  formation  into  a clay- 
slate  formation.  As  it  is  possible  in  Ireland  to  walk  along  it  from  one 
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district  to  the  other  without  ever  leaving  it,  it  is  clear  that  if  it  ought  to 
he  called  Old  Red  Sandstone  in  the  one  district,  it  would  be  giving  two 
names  to  one  group  of  rocks,  if  we  gave  it  another  name  in  the  other 
district. 

Whether  the  name  “ Old  Red  Sandstone  ” be  a good  one,  is  another 
question.  It  is  retained  simply  because  it  is  generally  imderstood,  that 
by  that  designation  we  mean  the  rocks  lying  next  below  the  Carboni- 
ferous group.  It  is  avowedly  a “provisional”  designation,  just  exactly 
as  all  the  names  of  the  great  groups  of  stratified  rocks  are  provisional. 
They  are  temporary  names  adopted  for  present  purposes,  and  have 
grown  into  U9€^  and  will  continue  to  be  used  untd  they  are  superseded 
by  more  appropriate  terms,  which  increasing  knowledge  only  can  shew 
to  be  more  appropriate.  Many  attempts  have  been  made  to  introduce 
a more  systematic  nomenclature  ; but  they  have  all  failed,  because  the 
attempt  required  almost  prophetic  powers  on  the  part  of  the  inventor, 
who  should  know  what  would  be  wanted  in  a few  years  time,  as  well 
as  what  is  wanted  now. 

Any  scheme  of  nomenclature  which  is  not  expansible  in  all  directions, 
and  does  not  admit  of  readjustment  and  interpolation,  according  to  cir- 
cumstances in  all  its  parts,  \sdll  in  a short  time  be  found  the  fetters 
rather  than  the  clothes  of  the  science. 

In  the  maps  and  publications  of  the  Geological  Survey,  for  instance, 
the  letter  “ a ” was  adopted  for  the  rocks  of  the  Cambrian  period,  as  being 
the  eai'liest  period  of  which  anything  was  known  ; recent  discoveries  of 
Sir  R.  I.  Murchison  and  Sir  W.  Logan,  have,  however,  shewn  us  rocks 
belonging  to  still  earlier  pcritKls,  and  if  we  wish  to  letter  them  on  our 
maps,  we  find  ourstdves  at  a loss  for  a letter  before  “ a”  in  the  alphabet. 

In  speaking  of  the  great  groups  of  stratified  rocks  or  “ formations,” 
therefore,  the  student  must  clearly  imderstand,  that  their  names  are  often 
use<l  also  as  the  names  of  the  periods  of  time  in  which  they  were  formed, 
and  accustom  himself  to  detach  from  these  names  all  other  meanings 
they  may  have. 

The  igneous  rocks,  however,  are  named  on  lithological  grounds  only. 
The  crystalline  jiggregate  of  feldspar,  mica,  and  quartz,  is  called  granite, 
no  matter  where  it  was  formed,  or  with  what  stratified  rocks  it  may  be 
associated.  Felstone,  greenstone,  trachyte,  and  basalt,  and  all  the  other 
names  of  igneous  rocks,  refer  in  like  manner,  solely  to  their  mineral 
constituents  and  texture,  at  whatever  period  they  were  consolidated,  or 
in  whatever  part  of  the  earth’s  crust  they  are  found. 

All  names,  moreover,  which  have  a special  lithological  signification, 
such  as  shale,  grit,  dolomite  or  magnesian  limestone,  oolite,  etc.,  are 
applied  to  the  variety  of  rock  quite  indejMJudently  of  any  reference  to 
the  time  it  was  produced,  or  the  formation  to  which  it  belongs. 

Any  limestone  of  any  formation  may  become  magnesian  ; any  lime- 
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stone  of  any  fomiation  may  liecome  oolitic.  It  is  only  when  tliat  acci- 
dental character  has,  by  use,  been  ai>plied  to  some  ])articular  group  of 
stratified  rocks,  which  are  then  spoken  of  an  The,  magnesian  lime.stone,  or 
Ttie  oolite,  that  the  words  aapiire  a technical  chronological  significa- 
tion, that  is  to  say,  may  Ije  'used  to  designate  all  those  stratified  rock.s 
which  were  contenij)oraneou.s  with  the  group  to  which  the  name  wad 
first  applied. 

I must,  therefore,  request  the  student  now  to  fix  his  attention  chiefly 
u})on  and  to  suppose  that  all  geological  time  is  divided  into  three 
great  portions  or  ejwchsy  which  we  may  cidl  Primary,  Secondary,  Tertiar}'. 

The  Primary  e]>och  means  simply  that  which  precxjded  the  Secondary, 
the  first  }X)i-tiou  of  time  that  we  know  anything  of,  not  by  any  means 
the  first  time  of  all,  since  as  to  that  we  know  nothing.  The  Primary 
epoch  has  no  definite  starting-point.  Future  investigations  may  shew 
us  formations  lying  below  those,  which  are  the  lowest  we  have  hitherto 
discovered,  so  that  our  chronological  commencement  is  lost  in  the 
remote  pa.st.  The  geologiciil  history  can  only  begin  like  a faiiy  tale — 
‘‘  once  ujwn  a time  there  wa.s  a sea,  and  in  that  sea  certain  rocks  were 
formed,”  and  .so  on. 

The  Secondary  epoch,  in  like  manner,  means  that  which  succeeds 
the  Primary.  Geologists  agree  to  draw  a line  somewhere  in  the  serie.s, 
ami  to  take  that  line  as  the  boundary  between  the  Primary  and  Second- 
ary epochs. 

So  with  the  Tertiary  ejiocb,  a certain  boundary  line  is  drawn  as 
the  close  of  the  Secondary^  epoch,  and  all  time  since  then  is  include<l 
in  the  Tertiary  epoch. 

A.S  synonyms  of  these  words,  Primary,  Secondary',  and  Tertiary,  the 
words  Palieozoic,  Mesozoic,  and  Kainozoic,  .signifying  the  periods  of 
ancitmt,  middle,  and  modem  life,  have  beerr  projH)sed  by  Professor 
Phillips,  and  pretty  generally  adopted.  Geological  time,  then,  may  be 
thus  arranged  : — 


3.  Tertlvey  or  Kainozoic  Erocn."^ 

n.  Human,  Historical,  or  Recent  period. 
m.  Pleistocene  periiKl. 

1.  Pleiocene  period. 

/•.  Meiocene  period, 
y.  Eocene  perio<l. 

* Tlie  motle  of  ftimnKcnient  adopted  in  t)iis  table  is  intended  to  indicate  that  our  chron- 
ology deiM^nds  on  the  fact  of  Kuper-positiou  of  rock  groups,  and  that  it  therefore  commences 
with  the  lowest  of  these  groups. 
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2.  Secondary  or  Mesozoic  Epoch. 

i.  Cretaceous  period. 
h.  Oolitic  period. 

g.  Triassic  period. 

1.  Primary  or  PALiEozoic  Epoch. 

/.  Permian  period. 

e.  Carboniferous  period. 

d.  Devonian  pcrio<l. 

c.  Upper  (or  True)  Silurian  period. 

h.  Lower  (or  Cambro-)  Silurian  period. 
a.  Cambrian  period. 

Prse-Cambrian  periods. 

Edward  Forbes,  in  one  of  his  presidential  addresses  to  the  Geolo- 
gical Society  of  London,  suggested  that  both  from  palmontological  and 
petrological  considerations,  it  might  be  better  if  we  obliterated  the 
division  between  the  Secondary  and  Tertiary  epochs,  and  divided  geolo- 
gical time  into  two  epochs  only,  namely,  Palccozoic  and  Neozoic.  Per- 
haps, as  our  knowledge  becomes  more  complete,  this  suggestion  may 
be  carried  out.  The  most  marked  characteristic  of  the  Tertiar}-^  epoch 
is,  that  the  rocks  deposited  in  it  conUdn  the  remains  of  species  that 
still  exist.  Tliese  in  the  earlier  Tertiary  deposits  are  very  few,  and  if 
those  few  were  now  to  die  out  and  become  extinct,  the  characteristic 
would  be  lost,  and  the  palajontological  distinction  between  Secondary 
and  Tertiary  deposits  become  more  arbitrary  than  it  is. 

Note. — The  student,  in  reading  the  older  geological  works,  will  meet  with  other  terms 
tluin  those  mentioned  above,  which  it  will  be  as  well  to  explain.  An  opinion  once  existe<l 
that  all  such  rocks  as  granite,  together  with  the  crjstalline  schists,  such  as  gneiss  and  mien 
schLst,  were  primitive  rocks,  and  that  the  ortlinary  stratified  sandstones,  clays,  and  lime- 
stones, were  derived  from  these  sup]H>sed  primitive  rocks ; they  were  therefore  called 
secomlarj’,  in  the  sense  of  derivative,  rocks.  Extended  obser\-ation,  however,  shewed  a 
class  of  rocks  with  charactcre  apparently  intennediate  between  those  which  were  stipposed 
to  belong  to  these  so-called  primitive  and  secondary  rocks.  For  this  class  the  tenn  “ transi- 
tion ’’  wn.s  invented.  About  the  same  time,  the  idea  of  the  primitivtTifss  of  the  granites  and 
crystalline  schists  began  to  be  shaken,  and  the  tenn  primitive  was  modified  into  primary. 
There  were  also  other  rocks  discovered  lying  above  those  which  had  hitherto  been  taken  as 
the  uppermost  of  the  secondaiy,  and  to  these  the  tenn  tertiarj’  was  naturally  applied.  But 
when  granite  was  found  to  Ihj  not  only  not  a primitive  but  an  intrusive  rock,  and  also  not 
solely  intrusive  into  primaiy  rocks,  but  intnisivc  into  rocks  of  abnost  all  ages  ; and  when 
Sir  Charles  Lyell  shewed  tliat  the  crystalline  schi-sts  were  in  reality  metamori>hic  rocks,  and 
that  their  crystalline  schistose  character  was  not  peculiar  to  any  geological  pcricKl,  the  term 
**  transition”  was  gradually  di.sused,  and  the  word  primarj-  lost  tlio  lithological  taint  which 
it  had  derived  from  its  primitive  original,  and  acquired  its  present  purely  chronological 
sense,  as  simply  meaning  all  rocks  older  than  the  secondary.  Tliere  was  a barbarous  word 
once  in  use,  ns  a kind  of  synonym  of  the  term  “ transition,”  this  was  “ grauwacke,"  a .word 
now  altogether  di.scarded  even  in  a lithological  sense.  It  was  one  of  tliose  words  tliat  meant 
anything  or  nothing,  and  served  merely  to  conceal  our  ignorance  of  tlie  true  history  of  tlie 
- rocks  to  which  it  was  applied. 
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PRDLAJIY  OR  PALEOZOIC  EPOCH. 

Pra:-Cambrian  Periods, 

In  geological  liistoty,  as  in  the  history  of  most  human  empires,  it  is 
difficult  to  point  out  any  definite  commencement.  If  we  a.ssume  a 
starting  point,  we  must,  of  course,  allow  for  great  periods  of  preceding 
unreckoned  time,  and  for  many  unrecorded  events  which  led  up  to 
those  which  we  are  about  to  describe.  Tlie  progress  of  geological  in- 
vestigation has  lately  disclosed  to  us  some  records  of  a date  earlier  than 
had  been  previoiLsly  recognised.  Sir  Roderick  Murchison  in  Scotland, 
and  Sir  W.  Logan  in  Canada,  with  their  several  colleagues  and  fellow- 
labourers,  have  shewTi  distinctly  what  was.  only  surmised  previously, 
that  certain  great  masses  of  highly  metamorphosed  rocks  come  out  from 
undemeatli  other  masses,  w’hich  belong  either  to  the  Cambrian  period, 
or  to  an  older  one. 

Scotla?i<i. — Sir  R.  I.  Murchison  has  lately  surveyed  the  north-western 
extremity  of  Scotland  and  the  surrounding  region,  and  has  published 
his  results  in  several  papers,  accompanied  by  a sketch  map,  in  the 
journal  of  tlie  Geological  Society,  London,  and  subsequently  in  a separate 
map  by  himself  and  Mr.  Geikie,  wdth  explanatory  notes. 

Their  results  have  been  corroborated  by  the  examination  of  the 
country  by  Pi-ofessors  Ramsay  and  Harkneas,  and  other  competent 
observers. 

Tliey  are  briefly  as  foUows  : — 

In  the  Hebrides,  and  at  different  parts  along  the  western  shore  of 
Sutherlandshirc,  great  masses  of  highly  crystalline  gneiss  are  visible, 
often  consisting  of  alternate  homblendic  and  quartzose  folia,  but  hav- 
ing sometimes  feldspathic  and  micaceous  layers,  with  occasional  beds  of 
limestone  and  ironstone.  The  foliation  coincides  with  the  stratification, 
and  tlie  strike  of  the  rocks  is  N.W.  and  S.E.  (or  at  right  angles  to  the 
geneml  strike  of  other  parts  of  the  comitry),  the  beds  dipping  either 
N.E.  or  S.W.,  more  frequently  tlie  latter.  They  are  here  and  there 
traversed  by  veins  of  granite  proceeding  from  larger  intrusive  granitic 
masses,  and  also  by  dykes  of  greenstone.  Upon  the  highly  inclined  and 
greatly  denuded  edges  of  these  beds,  rest,  quite  uncomfonnably,  thick 
beds  of  a red  sandstone  and  conglomerate,  which  is  itself  covered  un- 
conformably  by  beds  which  are  proved  to  be  Cambro-Silurian  by  the 
fossils  they  contain.  (See  diagrammatic  section,  fig.  106.) 

This  red  sandstone  and  conglomerate  then  must  be  either  Cambrian 
or  some  still  older  deposit,  and  the  gneiss  formation  below  it  must 
certainly  be  of  pne-Cambrian  age.  Sir  R.  Murchison  at  first  described  it 
as  Fundamental  gneiss,  a term  which  could  only  be  accepted  as  applicable 
to  Scotland,  since  stiU  lower  rocks  may  hereafter  be  seen  in  other  dis- 
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tricts.  In  the  last  i>aper,  therefore,  by  himself  ami  Mr.  Geikie,  he  con- 
siders it  as  contemporaneous  with  Sir  W.  Logan’s  Laurentiiui  gneLs.s,  and 
speaks  of  it  by  that  designation. 

It  seems  to  me,  however,  that  while  it  Ls  most  probable  that  they 
are  of  contemporaneous  formation,  it  would  be  better,  in  absence  of  any 
positive  proof  of  that  fact,  to  avoid  the  assertion  of  it,  and  to  retain  the 
term  Lewisian  gneiss  once  suggested  by  Sir  Roderick,  or  else  to  call  it 
the  Hebridean  gneiss,  or  to  use  some  other  designation  which  shall  be 
clear  of  all  chance  of  error. 


Fig.  106. 

Diagmmniatic  section,  shewing  the  Pne-Caiuhrian  rocks  of  the  northern  Highland-s. 
From  Sir  R.  I.  Murchison’s  jiapers  in  Geological  Journal,  vols.  xv.  and  xvii. 

tl.  Cr>’Ktnlline,  gneissose,  and  niicjieeous  flags. 

c.  Quartz  Rock  ami  Limestone,  with  Orthocenis,  Piloeeras,  Machii’ca,  Ophileta,  Murclii- 
sonia,  and  Orthis  striatula  in  the  Limestones,  and  annelid  tuhe.s  in  the  Quartz  Rock. 

b.  Red  8an«lHtone  ami  Coniglomerat^;,  2500  feet  thick,  formerly  supposed  to  Ihj  Old  Red, 
now  seen  to  he  Pnfc-Canil)n>-Silurian,  and  therefore  probably  Cambrian. 

a.  Gray  homblemllc  gneiss,  with  granite  veins,  etc. 

Ireland. — It  is  probable  that  some  of  the  highly  metamorphosed  rocks 
of  the  north  of  Ireland  may  consist  of  this  Prae-Cambrian  gneiss. 

Canada.  Laurentian  series. — Sir  W.  Logan  and  his  colleague  Mr. 
Murray,  have  described  in  North  America  an  inmiense  extent  of  gneiss, 
forming  the  whole  country  north  of  the  St.  LawTence.  This  is  some- 
times homblendic,  sometimes  micaceous,  gneiss,  and  often  alternates 
Mnth,  or  passes  into  beds  of  mica  schist.  It  also  contains  one  or  two 
large  irregular  beds  of  crystalline  limestone,  and  bed-like  masses  of 
magnetic  oxide  of  iron  and  other  minerals.  Veins  and  intrusive 
masses  of  granite,  syenite,  and  greenstone'  frequently  traverse  these 
rocks. 

The  beds  are  highly  inclined  and  greatly  contorted,  so  as  to  render 
all  calculations  as  to  thickness  impossible,  beyond  the  general  conclibsion 
that  it  is  very  great. 

Sir  W.  Logan  has  no  doubt  of  their  ha\dng  been  originally  an 
ordinary  sedimentary  series,  and  their  having  assmned  their  present 
crystalline  character  from  metamorphic  action.  He  has  given  the  name 
of  the  “ Laurentian  series  ” to  them. 

Li  the  neighbourhood  of  Lake  Huron,  this  Laurentian  .series  is 
covered  unconfonnably  by  rocks  which  lie  below  the  base  of  the  Cam- 
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])ro-Silurian  series  of  America  ; that  is  to  say,  by  rocks  which  are  either 
of  the  same  age  as  the  Cambrian,  or  still  older. 

The  Laiirentjan  series,  therefore,  like  the  Hebridean  gneiss  of  Scot- 
land, is  of  Pne-Cambrian  age. — (JU'port  of  the  prof/reM  of  the  Geolof/ical 
iSfO'reT/  of  Canada) 

Scandinavia. — It  is  probable  that  the  highly  metaraoqdiosed  rocks, 
which  fonn  the  mountains  of  Nonvay,  belong  wholly  or  in  jwirt  to  the 
Pne-Cambriaii  j)eriods. 

Other  of  the  World. — Future  research  will  j)robably  e.xtend 

this  assertion  to  the  gneiss  and  mica  schist  found  in  other  parts  of  the 
world,  perhaps  to  some  of  that  of  South  Amcriai,  for  insUmce,  or 
Australia,  or  parts  of  Africa  and  Asia,  where  such  rocks  are  now  known 
to  exist,  or  may  hereafter  l>e  discovered. 

It  has  been  alif'ady  obser\-ed,  that  we  can  never  ho|>e  to  discover 
the  unaltered  deposits  of  the  e^irlier  ages  of  the  earth’s  histor}*.  The 
atpieous  rocks  of  the  earliest  ages  have  doubtless  long  ago  ]>erished 
utterly,  either  from  erosion  by  water  or  from  having  l>een  re-absorbefl 
into  the  molten  interior  of  the  earth. 

The  oldest  sedimentar}'  rocks  now  left  aimvhere  upon  the  globe, 
must  necessarily  have  suffered  imtre  from  these  two  actions  than  any 
newer  rocks.  Tlie  formations  we  are  now  treating  of  are  some  of  these, 
but  their  records  are  nearly  obliterated,  and  their  history*,  therefore, 
brief  and  ol)scure. 

Xo  traces  of  organic  remains  liave  yet  been  recorded  jls  obs<*r\’able 
in  any  IhTC-Cambrian  deposit,  though  the  presence  of  limestones  in  the 
gneiss,  both  of  America  and  Scotland,  would  seem  to  n*quiix^  the  exist- 
ence of  animal  life  for  its  production. 

CAMBRIAN  PERIOD. 

Lower  Cam«ri.\n  of  Professor  Sedgwick. 

Tlie  lowest  rocks  visible  in  North  Wales  and  its  boixlers  haring 
been  callo<l  the  Cambrian  rocks,  the  periotl  in  which  they  were  de- 
jx)sited  may  be  (Milled  provisionally  the  Cambrian  ]>eritxl. 


Typical  Rocks. 

Xorth  Wales. — These  rocks  may  be  seen  largely  develojKxl  in  the 
hilly  ground  between  Harlech  and  Dolgelli,  in  parts  of  Caernarvonshire 
west  of  the  Snowdon  crest,  and  in  Anglesea,  where,  however,  they  are 
much  metamorphosed  into  chloritic  schists  and  quartz  rocks.  They  are 
still  more  largeh'  exj>osed  in  the  LongmjTid,  a range  of  hilly  ground  to 
the  north-west  of  Cliurch  Stretton  in  Shropshire. 
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In  sheet  36  of  the  Horizontal  Sections  of  the  Geological  Sim’ey  of 
Great  Britain,  the  following  beds  are  described  by  Mr.  W.  T.  Aveline, 
the  thicknesses  being  of  course  approximate,  but  on  the  w’hole  nearly 
correct : — 


Coarse  red  samlstone  .... 

Feet 

7000 

Red  sandy  micaceous  shale  . 

300 

Hanl  course  red  sandstone  and  shale 

4500 

Hard  gritty  giay  sandstone 

1500 

Purple  sandy  shale  .... 

100 

Reddish  brown  coarse  sandstone  . 

2000 

Piu-ple  shale  and  sandstone  . 

4000 

Gray  rock,  very  hard  .... 

1000 

Haixl  conglomerate  .... 

200 

Haixl  sandstone  ..... 

400 

Grayisli  blue  slaty  shale 

2000 

No  base  seen  . ... 

. 23,000 

Section,  fig.  107,  is  a reduction  of  that  in  sheet  36  {Ilor’ Secs.  G.  S.), 
and  will  serve  to  give  an  idea  of  the  way  in  which  these  rocks  lie,  and 
how  they  are  covered  by  others. 

N.-W 


sriPETRSTOMES 


LONCMYND 


CHURCH 

STHETTOH 

d 


c a 6 <c  o.  a. 

Fi«.  107. 

Section  ncros-s  the  Longmyrnl,  reduced  from  sheet  36  of  tl>e  sections  of  the  G.  S. 
Length  of  section  about  nine  miles. 

d.  Upper  Silurian  (Wonlock  shale,  and  Llandoverj-  sandstone). 

e.  Llandeilo  flags.  ) 

0.  Lingula  flags.  | Lo«-er  Silurian. 

a.  Cambrian  grits  and  slates. 


The  section  in  sheet  34,  likewise  dra^vn  by  Mr.  Aveline,  is  generally 
.‘similar,  but  exhibits  an  apparent  thickness  of  28,000  feet.  Tliat  in 
sheet  37,  drawn  by  Mr.  Sehvyn,  across  the  country  between  Harlech  and 
Dolgelli,  shews  8000  feet  of  thick  beds  of  hard  gray,  and  greenisli 
gray  quartz  rock,  sandstone,  and  blue,  green,  and  purple  clay  slate,  the 
lower  part  of  the  series  not  being  seen. 

Tlie  section  on  sheet  31  of  the  Hor.  Sec.  of  the  Geological  Sur- 
vey was  drawn  by  Professfir  Ramsay,  and  crosses  from  the  Menai  Strait 
over  Glyder  Fawr  to  the  north  of  Snowdon.  It  shews  the  upper  5000 
feet  of  the  Cambrian  series,  consisting  of  green  and  purjile  slates,  grits, 
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sandstones,  and  conglomerates,  the  pehVdes  in  the  hitter  consisting  of 
quartz,  quartz  rock,  purple  sandstone,  blue  slate,  black  slate,  quartzifer- 
ous  porphyr}’-,  and  green  jasper. 

Tlie  Penrhyn  and  Llanberis  slate  quarries  are  worked  in  a band 
of  slate,  in  the  upi)er  j>ail  of  this  series. 

Characteristic  Fossils. — No  traces  of  organic  remains  have  as  yet 
been  observed  in  these  rocks  in  North  Wales.  In  the  Longmynd,  how- 
ever, Mr.  Salter  discovered  on  the  surface  of  some  of  the  slabs  numerous 
.small  pits  occurring  in  pairs,  which  he  believed  to  be  the  burrow.s  of  small 
sea- worms,  and  ctilled  Arenicolites  Fidyma^mvX  al.so  an  obscure  impression, 
which  he  supposed  to  be  that  of  part  of  a trilobite,  wliich  he  calle<i 
Paloeo]>y<f€  Rams(u/i.  Thi.s,  however,  always  apiK*ared  to  me  to  be  nothing 
more  than  an  accidental  marking  on  the  surface  of  a piece  of  ix)ck. 

Ireland. — In  the  northern  part  of  the  County  Wicklow  ; in  the 
liill  of  Ilowth,  in  County  Dublin  ; and  in  the  Forth  mountain  district 
of  South  Wexford,  are  great  mas.scs  of  rock,  believed  to  belong  to  the 
same  series  as  those  just  described  in  North  Wales.  Like  them,  they 
consist  of  massive  beds  of  grit  and  slate,  of  dull  green,  brown,  purple, 
and  liver  coloured  hues,  but  in  Ireland  they  have  also  many  thick,  but 
irregular,  and  often  interrupted,  beds  of  broini  and  yelloAvish  quartz 
rock  interstratified  with  them. 

Tliey  are  greatly  disturbed  and  confused,  so  that  no  continuous 
section  am  be  followed  in  them,  although  single  detached  exposures 
shew  thicknes.ses  of  sevend  thousand  feet. 

Bray  Head,  the  Devil’s  Glen,  and  the  hill  called  Carrick  MacReily 
south  of  that  glen,  the  cliffs  and  rocks  of  Howdh,  exliibit  chanicteristic 
examples  of  the  rocks,  while  those  of  Wexford  may  be  seen  on  the 
banks  of  the  Slaney,  and  on  the  coast  about  Cahore  Point. 

Fig.  108  is  a section  representing  the  structure  of  Bray  Head. 


79  2 


Sketch  section  of  Bray  He.id.  Length  of  section  about  2 miles. 

9.  Qii.artz  rock.  G b.  Granite  blocks. 

Note. — In  this  figure  the  lower  part  is  inUmded  to  represent  the  coast  section,  and  the 
upper  part  the  slope  of  the  hill  abo\’e  it.  Tliere  are  more  bands  of  quartz  ruck  on  tlie  hill 
top  than  appear  in  the  sea-cliffs,  but  the  one  which  forms  the  summit,  792  feet,  comes  down 
to  the  cliffs,  as  indicated  by  the  two  lines  ; the  beds  in  the  cliff  were  cross-barred  in  the 
original  drawing,  although  that  character  has  been  omitted  In  the  wood-cut. 

Characteristic  Fossils. — Tlie  late  James  Flanagan,  fossil  collector  to 
the  Irish  branch  of  the  Geological  Survey,  detected  the  little  radiated 
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zoophyte  which  Eklward  Forbes  named  Oldhamia,  after  Professor  Old- 
ham, who  was  then  the  local  Director  of  the  Survey.  Dr.  J.  Kinahan 
foimd  marks  on  the  rocks  of  Bray  Head  like  the  mounds  and  holes  of 
lob-worms,  and  was  led  thereby  to  the  discovery  of  the  casts  of  the 


e 


Fossil  gn>up  No.  1* — Csiiibrinn  fossihs. 


n.  Oldham  in  ant!((un.  d.  Anuclid?  trnoks. 

h.  radiatn.  e.  Arenicolites  didyina. 

c.  Uistiodonna  Hibcrnicum.  /.  Molluscnn  ? tracks  ? 

tul)es  Ixdow,  and  by  a lucky  blow  disclosed  one  which  retained  beautifully 
<listiuct  nuirks  of  the  tentacles,  to  which  scanty  justice  is  done  in  the 
fij.,nire,  c.  He  named  the  species  Hutioderma  Hibernicum, 

Solt. — These  si»cclmens  may  l>e  .seen  in  the  Palovmtologieal  Gallery  of  the  Museum  in 
Stephen’s  Green,  Dublin,  which  was  originally  foumle<l  as  the  Museum  of  Economic 
Geology  in  Dublin,  avowedly  on  the  imxlel  of  the  one  then  e.stablished  in  Craig’s  Court  in 
London,  and  now  removed  to  Jcmiyn  Street.  TIk*  title  of  the  Museum  in  Dublin  has  since 
been  altered  Into  the  “ Mu-seum  of  Irish  Industry,"  but  the  geological  part  of  it  consists 
of  the  collections  of  fossils,  rocks,  and  minerals  made  by  the  Geological  Surv’cy  in  Great 
Britain  and  Ireland,  together  with  subsequent  jmrehases  ma<le  by  the  Director,  Sir  R. 
Kane. 

• The  fractional  numbers  ai>i»ende<l  to  these  tlgures  denote  the  jiroinirtions  they  bear  to 
the  originals,  a.s  §,  one-thinl,  etc.  If  the  highest  figure  be  the  numerator,  as  it  would 
mean  that  the  flgiirc  was  three  times  the  size  of  the  original. 


438 


CAMBRIAN  PERIOD. 


Tlie  fossil  group  No. . 1 contains  representations  not  only  of  the 
characteristic,  but  of  all  the  known  fossils  of  the  Cambrian  rocks,  except 
the  irnaginarj'  Palajopyge.  The  Oldhamia  radiata  is  very  common  in 
certain  beds  of  purplisli  and  greenish  arenaceous  slates  in  two  or  three 
])laces  on  Bray  Heiid.  O.  antiqua  Is  more  rare,  but  has  been  found  not 
only  at  Bray  Head,  but  at  Howth,  and  Greystones  by  Dr.  Kinahan,  and 
was  procured  largely  from  Garrick  moimtain,  by  J.  Flanagan,  in  soft 
greenish  slate. 

Tlie  Histiodenna  has  not  yet  been  found  anywhere  except  at  Bray 
Head,  where  it  was  discovered  by  Dr.  Kinalian.  It  was  figured  and 
described  by  him  in  the  Journal  Geol.  Soc.,  Dub.,  voL  \iii.,  p.  68. 

Bohemia. — Probably  Stage  A (crystalline  schist)  and  Stage  B (slate 
and  conglomerate)  of  M.  Ban-ande.  No  fossils  knovm. 

Scandinavia. — Regio  1,  Fucoidarum  of  M.  Angelin  Ls  also  most 
])robably  of  this  ]>eriotl. 

America. — The  Huronian  Scries. — Mr.  Mmray,  in  his  report  to  Sir 
W.  Logjin  for  the  year  1856,  describes  a great  series  of  green  slates, 
often  conglomeritic,  and  with  one  iidying  band  of  limestone,  the  series 
haring  a total  thickness  of  not  less  than  10,000  feet,  as  Ijdng  above  the 
Laurtintian  series,  and  jxtssing  uncon formably  below  the  lowest  of  the 
fossiliferous  strata  of  the  Silurian  system.” 

V 

We  may  then  assmne  that  this  Huronian  series  was  deposited  during 
the  Cambrian  i>eri(xl,  although  no  fossils  have  jis  yet  been  found  in  it. 

Tlie  Taconic  System  cf  Dr.  Emmonds  is  jxissibly  of  the  Cambrian 
period,  so  far  as  its  lower  jiortion  is  concerned,  though  its  upjxjr  part 
is  clearly  Cambro-Siluriiui. 


Life  of  the  Period. 

Although  Edward  Forbes  named  the  two  species  of  Oldhamia,  he 
did  not  discuss  their  zoological  relations  beyond  pointing  out  their  re- 
semblance in  some  respects  to  a Sertularian,  and  in  others  to  a Biyozoan 
(Polyzoan)  animal. — {Journal  Geol.  Soc.j  Ihib.,  vol.  iv.,  p.  20.)  Dr. 
Kinahan  describes  the  genus  at  length  (in  the  Trans.  R.  I.  Acarlemy, 
voL  xxiii.,  science),  and  believes  them  to  have  been  zoophytes,  allied  to 
Sertularia,  though  other  highly  competent  judges  think  they  were  more 
probably  Polyzoan. 

Tliere  can  be.  little  doubt  of  the  tubes  under  the  mounds  with 
central  holes,  called  Histioilemia  by  Dr  Kinahan,  being  the  burrows 
of  sea-worms. 

These  fossils  are  more  than  ordinarily  interesting,  as  being  the  first 
distinct  traces  of  life  upon  the  globe  that  we  as  yet  know  anrihing  of. 
Are  we  wannnted  in  looking  on  them  as  being  the  earliest  forms  of 
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life  tliat  existed  on  the  globe  { It  seems  to  me  that  this  would  be  un 
unwarrantable  conclusion. 

Tlie  existence  of  beds  of  limestone  in  the  Pnc-Cambrian  rocks  of 
North  America,  seems  to  in\uolve  the  supposition  of  the  existence  of 
organic  beings,  in  order  to  secrete  the  carbonate  of  lime  from  the  waters 
of  those  early  setis.  Whether  that  be  necessaiy  or  not,  the  intense 
metamoiphism  which  has  affected  all  the  Pra)-Cambrian  rocks  we  yet 
know,  may  well  have  obliterated  all  traces  of  their  organic  remains. 

The  ai’gument  that  no  fossils,  excei)t  the  few  above  mentioned,  have 
yet  been  found  in  so  vast  a thickness  of  Cambrian  rocks  as  is  sheM'ii  in 
Wales  and  Ireland,  or  the  Huronian  and  lower  Taconic  series  of  Ame- 
rica,— and  that  if  more  had  existed  their  remains  must  have  been  <lis- 
covered,  is  certainly  one  well  worthy  of  consideration.  Nevertheless, 
it  is  not  entii-ely  conclusive  against  the  existence  of  other  organic  beings, 
either  during  the  Camhrian  period  or  before  it.  We  have  in  South 
Wales  an<l  South  Ireland  as  vast  a thickness  of  red  and  green  sand- 
stones and  clays,  of  much  more  recent  daU‘,  in  which  fossils  are  equally 
rare  over  very  large  areius.  Tlie  Old  Red  Sandstone  (so  chilled)  of 
Kerry  and  Cork  exhibits  detached  sections  in  the  heart  of  the  forma- 
tion,  apparently  10,000  or  12,000  feet  thick,  in  which  no  search  has 
yet  detectetl  the  trace  of  a fossil.  Where  affected  by  slaty  cleaviige,  the 
rocks  are  often  so  precisely  similar  to  the  Cambrian  rocks  of  Wicklow, 
that  an  observer  unconsciou-sly  transported  from  one  district  to  the 
other,  would  be  (piite  unaware  that  he  had  changed  his  “ fonuation.” 
Vet  undemeiith  the  Old  Red  Sandstone  of  South  Ireland  and  South  Wales 
lie  several  large  fossiliferous  gi*oups  of  rock.  Had  those  fossilifemus 
groups  been  so  metiimorjdiosed  as  to  have  had  their  fossils  oblitc;- 
rated,  aiul  the  Old  Red  Sandstone  of  the  British  Islands  been  more 
indurated  and  generally  “ cleaved,”  and  here  and  there  metamorphosed 
into  micii  schist  and  gnei-ss,  we  should  have  regarded  the  few  plants  or 
other  fossils  it  occasionally  contains  in  its  upi>ermost  beds  as  the  earliest 
traces  of  life,  and  the  Carboniferous  fossils  might  have  been  considered 
its  first  great  aSvSemblage,  as  the  Cambrian  and  Cambro-Silurian  fossils 
are  often  now  considered. 

If  we  look  at  these  traces  of  life  and  attempt  to  draw  a rejison  from 
them,  d priori^  why  they  should  be  the  first  living  forms  that  existed  on 
the  globe  we  can  find  none.  It  .seems,  as  before  pointed  out,  im]»os.sible 
that  animal  life  could  commence  its  existence  before  vegetable  life  wa.s 
abundant,  on  which  it  could  be  supported.  Tlie  earliest  life  of  the 
globe  then  must  have  been  vegetable.  Even,  however,  if  we  grant 
that,  and  suppose  that  that  early  v(igetable  life  perished  without  leaving 
anv  trace  of  its  existence,  what  reason  can  we  see  whv  an  annelid 
and  a zoophyte  or  zooj)h}i;ic-mollusc,  so  widely  separated  as  they  are 
in  the  scale  of  existence,  should  be  the  first  of  all  created  being.s  ? 
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Can  we  conceive  the  world  j)eopled  by  Oldhaniia  and  Arenicolites,  and 
Histiotlenua  alone  ? Such  a notion  seems  to  me  an  absurdity.  Tlieir 
analognes  of  the  present  day  serve  as  links  in  the  chain  of  animal  life, 
not  only  in  the  eyes  of  the  biologist  who  stmlies  their  physiological 
relations,  Imt  also,  doubtless,  as  suljservient  to  the  well-being  of  other 
juiunals  whose  verj’  existence  depended  upon  them.  To  me,  I must 
confess,  the  existence  of  such  detached  portions  of  that  chain  is  as  good 
evidence  of  the  existence  of  intermediate  links  between  them,  and  of 
othere  indefinitely  beyond  them  on  each  side,  as  would  be  the  finding 
of  two  broken  links  of  a watch  chain  evidence  that  the  remainder  of 
the  chain  had  existed  along  with  them. 

It  is  of  course  impossible  to  tell  the  extent  of  the  chain  in  either 
direction,  but  intennediate  links  must  have  been  thei-e  ; and  there  is 
no  great  })robability  of  Oldhjunia  ha\dng  been  the  lowest,  or  Histio- 
derina  the  very  highest  of  the  living  beings  of  the  Cambrian  periotl. 


CHAPTER  XXYir. 


LOVrm  (OR  CAMBRO-)  SILURIAN  PERIOD. 

Upper  C^vmdrian  of  Professor  Sedgwick. 

The  term  Silurian  is  tlerived  from  the  name  of  an  old  British  tribe,  the 
Silures,  who  inhabited  [»art  of  South  Wales  ; their  border  being,  for 
geological  purposes,  a little  extended  into  Shropshire,  on  the  one  hand, 
and  Pembroke  on  the  other,  and  the  district  christened  Siluria.  Tlie 
rocks,  first  sui^-eyed  in  that  district  by  Sir  R.  I.  Murcliison,  were  di- 
vifh'd  by  him  into  two  series,  an  upper  and  a lower.  These  rocks, 
especiall}*  the  lower  part  of  the  series,  were  afterwards  found  by  the 
Geological  Sun'ey  to  spread  to  the  north-west  in  many  large  undulations 
so  as  to  extend  throughout  North  Wales  also,  where  they  were  fii'st  sur- 
veyed by  the  Rev.  Professor  Sedgwick.  They  may  conveniently  be  sepa- 
nited  into  two  series,  the  Lower  (or  Cambro-)  Siluriiui,  and  the  Upper 
Silurian  or  Silurian  Proper ; and,  as  before,  we  may  take  these  tenns 
for  the  provisional  designations  of  the  ixjriods  diu’ing  which  they  were 
formed. 


TYPICAL  ROCKS. 

Hafes. — Merionethshire  and  Caemar\'onshire  in  North  Wales,  and 
Caermarthenshire  in  South  Wales,  afford  us  the  best  devclojied  and 
most  tj^iical  groujis  of  the  rocks  formed  during  this  i>eriod. 


gioups  are  the  following  ; — 

Feet. 

4.  Lower  Llandovery^  rocks 

1000 

3.  Bida  betls,  or  Caradoc  rocks 

6000 

2.  Llandeilo  flags  .... 

5000 

1.  Lingula  flags  .... 

5000 

The  diagnunmatic  section  given  in  Fig.  109,  will  shew  the  relations 
of  these  groups  to  each  other  in  the  county  of  Merioneth. 

This  section  is  condensed  (by  omitting  the  igneous  rocks,  and  the 
curves  and  fractures  which  cause  the  siune  beds  to  l>e  repeated  over  the 
ground)  from  that  on  sheet  37  of  the  Horizontal  Sections  of  the  Geolo- 
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gical  Survoy,  which  runs,  from  near  Harlech,  across  the  country  south 
of  Bala  Lake.  It  was  run  by  Mr.  Selwyn,  Mr.  Aveline,  and  myself. 


VtESX 

HARUCH 


GROUND  S.«f  BALA  LAKE 


^ 5 <?  d 


c 

Fig.  109. 


IJHftt  of  ( g.  Denbighshire  sandstone  (Weulock  fossils) 
Upper  Siln.  '(/.  Tanumon  shales  (pale  slate) 

( e.  Lower  Llandovery  sand-stone  . 

d.  Uala  beds 

U.‘  Himant  limestone  in  Bala  l>e<ls 
Is.  > Bala  limc.stoiic  in  Ditto 

c.  Llandeilo  Hags 

\b.  Lingula  Hags 

a.  Cambrian  re>cks  .... 


Lower,  or 

Cambro- 

^ilurian. 


Feet. 

9.000 

.jOO 

*200 

5T00 

.'1300 

.'>000 

•SOOO 


Tlie  relation  of  the  lower  ixirt  of  the  Cambro-Silurian  serie.s  to  the 
Cambnan  rock.s  is  also  .shewm  in  Fig.  107,  where,  however,  the  u])j>er 
part  of  the  Cambro-Silurian  serie.s  is  concealed  by  unconformable  bed.s 
belonging  to  the  Upper  Silurian  series. 

Sheet  31  of  the  Sections  of  the  Geologi(‘al  Suiwey,  drawn  by  Pro- 
fes.sor  UaiiLsay  from  the  Menai  StraitvS  over  Glyder  Fawr,  shews  a simi- 
lar relation  and  succession  of  groups. 

In  all  cases  in  North  Wale.s,  there  seems  to  be  a perfect  cmifomiitA’ 
between  the  Cambrian  and  the  base  of  the  Caml)ro-Silunan  series,  and  a 
regular  gradation,  so  that  it  is  dithcult  to  fi,\  ui>on  any  detenuinate 
l)Oundary  between  the  two.  This  is  the  c.ase  even  with  the  sub-<li^^- 
.sions  of  the  Cambro-Silurian  rocks  themselves,  since  the  dark  .slates 
and  grits  or  flags,  of  the  Lingula  flags,  Llandeilo  flags,  and  Bala  beds, 
are  oft(di  so  similar,  and  gmdiiate  one  into  another  so  gently,  that  no 
good  ])hysical  boundaries  can  be  detectinl  between  the  grouj).s,  and  we 
are  dependent  solely  on  the  fossils  for  their  .sej>aration. 

In  South  Wale-s  the  ob.scurity  i.s  greater  on  account  of  the  lie  of  the 
rocks,  which  are  greatly  disturbed,  often  vertical,  and  traversed  by  nu- 
merous and  rapid  fle.viires,  so  that  although  the  type  of  the  Llandeilo 
flags  is  to  be  sought  in  Caerimirthenshire,  it  would  have  been  impos- 
sible there  to  detennuie  the  whole  serie.s.  It  was  neces.sim',  indeed,  to 
trace  the  rocks,  step  by  stej),  from  Caennarthenshire  into  Merioneth 
and  Caemanmn  before  this  could  be  properly  done,  as  it  is  also  neces- 
saiy  to  follow  them  from  both  North  and  South  Wales  into  Shmp- 
shire,  before  their  relations  to  the  deposits  of  the  next  i)eriod  can  be 
completely  undei-stood. 
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Lingula  Flags. — Immediately  to  the  westward  of  tlie  Cambrian 
rocks  of  the  Longmyiid  iu  Shropslure,  and  therefore  above  them,  since 
the  dip  of  the  rocks  there  is  to  the  west,  come  some  dark  slaty  shales 
with  l)eds  of  gi’it  and  flagstone,  having  a thickness  of  3000  or  400(‘ 
feet  (see  fig.  107). 

In  Menonethshire,  in  the  Btirmouth  and  Harlech  country,  the 
Cambrian  rocks,  rising  up  en  masse  about  Rhinog  Fawr,  .stretch  round 
it  with  a semicircular  sweep,  dipping  near  Hai'lech  to  north-west,  near 
Trawsfynnydd  to  north,  and  then  cur\^e  round  so  as  to  dij)  eastwai'd, 
thence  do^vn  to  Banuouth.  Tliey  everywhere  dip  under,  and  are 
succeeded  by,  masses  of  dark  slate,  often  femiginous,  ^vith  banded 
arenaceous  flags,  the  surfaces  of  which  are  sjwtted  with  impressions  of 
lingula).  The  beds  thus  chaiiicterized  have  a thickness  of  about  5000 
feet  in  this  locality. 

In  like  manner,  in  Caeniarvonshire,  between  the  Menai  Stmits  and 
the  crest  of  the  Snowdon  mnge,  the  Cambrian  rocks  dip  l)eneath  3000 
or  4000  of  dark  blue  or  black  .slate,  with  gmy  and  brow’U  saud.stone. 

These  beds  are  the  Lingula  flags  of  Profe.ssor  SedgAvick  and  Mr. 
Davis,  a term  that  has  been  adopted  by  the  Geological  Survey. 

Characteristic  Fossils  of  the  Lingula  Flags. — They  contain  a pecu- 
liar assemblage  of  fossils,  of  wiiich  tlie  follow  ing  may  be  taken  as  the 


most  characteristic  sjtecies 
Cruziana  semiplicata 

Plant. 

Foss.  gr.  2,  a* 

Dictyoucina  sociale 

Polgzoa. 

• • • 

Foss.  gr.  2,  h. 

Lingula  Davisii  . 

Brachiopoda. 

Fos.s.  gr.  2,  c. 

lepls. 

Orthis  remota 

Sil.  Foss.  9,  fig.  1 

Agnostus  piftifonuis 

Crustacea. 

• • • 

Foss.  gr.  2,  e. 

Conocephalus  invitus 

Sil.  Fo.ss.  7,  fig.  1. 

Ellipsocephalus  depre.s8us 

Sil.  Fo.ss.  7,  fig.  2. 

* Tlio  roferences  here  given  point  out  where  figures  of  the  fos.slls  named  may  be  seen. 
“ Foss,  gr."  refers  to  the  gnmii-s  of  fos.sils  figured  in  this  work.  “ Q.  J.  Gcol.  Soc.,”  to  the 
Quarterly  Journal  of  the  Geological  Society  of  London  ; “ Sil.  foss.,”  to  the  groups  in  the 
w'oodcuta  in  the  3d  eilition  of  “ Siluria “SiL  foss.  pi.,”  to  the  jdatea  in  the  same  ; “ Pal. 
foss.,”  to  M‘Coy’s  Palaeozoic  Fossils,  published  by  Professor  Sedgwick ; “ Dec.  G.  S.,”  to 
the  Decades  of  the  Oeoh)gi*fal  Survey  ; M'Coy  Sil.  foss.,”  to  the  Silurian  Fossils  of  M‘Coy, 
published  by  Sir  R.  Griffith,  Bart.  ; “ Portl.  G.  R.,”  to  Portlock's  Geological  Report.” 
Other  sources  will  be  pointed  out  hereafter. 
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Hymenocaris  veniiicauda 
Olenus  alatus. 

inicninis  . 

Paradoxides  Forchammeri 


Foss.  gr.  2,  /. 

Foss.  gr.  2,  rf. 

Sil.  Foss.  5,  fig.  2. 


Fossil  Group  No.  2. 
Lingula  Flag  Fossils. 


(i.  Cruzinna  semiplieato. 
h.  Dictyomiina  sooiale. 
r.  Lingula  Da\isii. 


(I.  OlftnuH  njicnirus. 
c.  Agiiostus  pisifomiis. 

/,  llpnciiocaris  voruiiciimla 


Tliese  fossils,  with  some  other  trilobites,  such  as  Sao,  fonu  the 
a'jsemblage  to  wliich  Barrande  gives  the  name  of  the  Primonlial  fauna. 

Llandeilo  Flags. — In  each  of  the  districts  just  mentioned  as 
exhibiting  tlie  Lingula  flags,  there  occur  above  them  other  beds  of  dark 
slate  and  sandy  flags,  'W'itli  bands  of  sandstone  occasionally,  which 
cannot  be  separated  physically  from  those  below  them,  but  contain  a 
difterent  grf)up  of  fossils. 

In  South  Wales  these  fossils  are  found  in  a well-marked  group  of 
rock.s,  con.sisting  of  finely  laminated  dark  brown  sandy  flagstones,  inter- 
stratified  >\-ith  black  earthy  slates,  and  containing  calcareous  bands  that 
sometime.^  become  regular  limestones,  and  are  stiU  worked  for  lime. 
[Mu)'cluso)C s Siluria,  p.  55,  3d  ed.) 

Similar  rock.s,  likewise  containing  one  (or  two)  bands  of  limestone, 
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occur  also  in  North  Wales,  near  Llanrliaidr  yn  Mochnant,  the  limestone 
forming,  in  one  place,  a conspicuous  crag  called  Craig-y-Glyn. 

In  South  Wales  the  beds  are  verj'  well  seen  near  the  small  town  of 
Llandeilo  Fawr,  whence  Sir  R.  I.  Murchison  named  them  the  Llandeilo 
flags. 

Characteristic  Fossils  of  the  Llandeilo  Flags. — Characteristic  fossils 
are  abundant  at  the  localities  mentioned,  and  may  fre(|uently  be  procure<l 
in  other  places,  wherever  the  gi’oup  is  exhibited. 

In  a ([UiuTv  by  Pont  Ladies,  near  Llandeilo  FawT,  I observed,  in  the 
year  1857,  some  dark  gray  carbonaceous  shales,  ^\•ith  beds  of  bro\\*nish 
sandstone,  covered  with  black  stains,  like  the  remains  of  plants.  S«.»me 
of  these  were  curved  linear  stripes,  an  inch  Ande,  and  two  or  three  feet 
long  ; others  were  black  concretionar}’’  nodides  squeezed  flat  in  tlimple- 
like  depressions,  and  some  stains  going  through  the  beds  like  roots. 
Tliey  were  associated  with  small  comls,  Jind  covered  by  beds  containing 
the  trilobite  named  Ogygia  Buchii  ; otherwise,  the  beds  looked  like 
Coal-measures  with  plant  remains.  They  were  jx)ssibly  the  tangled 
remains  of  seii-weeds,  matted  together  in  a bed  of  silt.  They  are 
interesting  as  giving  us  a possible  clue  to  the  existence  of  beds  of 
antluacite,  presently  to  l>e  mentioned  Jis  occuning  either  in  these  rocks 
or  the  next  succeeding  grouj). 

Tlie  following  is  a list  of  the  more  remarkable  of  the  fossils  found 
in  this  group,  according  to  the  chissified  list  dra'\\m  up  by  Messrs.  Salter 
and  Morris,  and  given  by  Sir  R.  I.  Murchison  in  the  last  edition  of  his 
Siluria 


Chondrites  regularis 

Plants. 

• • 

Q.  J.  Geol.  Soc.,  xi.  p.  473. 

Palaeochorda  major 

• • 

Pal.  foss.  t.  1 A. 

minor 

Do.  do. 

Nebulipora  fa\uilosa 

Actinozoa.* 

• • 

SiL  foss.  10,  fig.  22. 

DidjTnograpsus  Murchisonii 

Polgzoa. 

• • 

Foss.  gr.  3,  a. 

Diplograpsus  fcdiaceus  , 

• « 

SQ.  foss.  pi.  1,  fig  2. 

Graptolithus  Sagittarius 

• 

Q.  J.  Geol.  Soc.,  viii.  p.  390. 

Rastrites  peregrinus  . 

• 

Foss.  gr.  3,  b. 

Lingiila  attenuata 

Brachiopoda. 

• • 

SiL  foss.  10,  fig.  18. 

OrthLs  alata 

• « 

Foss.  gr.  3,  c. 

Siphonotreta  micula  . 

• • 

SiL  foss.  10,  fig.  17. 

• All  fossil  Actinozoa  nre,  of  course,  corals,  since  those  without  corals  could  scarcely  be 

pre8cr\'ed  in  any  way  except  as  very  obscure  marks  in  rocks. 
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Ctenodonta  larvis 

Conckifera. 

Sil.  foss.,  fig.  7. 

Cucullela  Anglica 

• ■ • 

Sil.  foss.,  fig.  8. 

Jb 

(f 

C 

Fussil  Onmp  No.  .'J. 

Llaiidoilu  Flag  Fossils. 

n.  Di(l}‘mograpKU8  Mtirchisonii  d.  Trinucleus  (Imbriatus. 

h.  Rastrit«s  poregrlmis.  r.  Asai>hus  tyraniiu.s. 

c.  Orthis  alatn.  /.  Ogygia  Buchii. 


Euomphalus  Comdensis 
Ophileta  compacta 
Kiberia  complanata 


Oiui€roj>oda. 


Sil.  foss.,  pi.  7. 
Sil.  foss.  38. 
Sil.  foss.  8. 


Maclurea  Logani 

Pteropoda.. 

Peachii 

• 

Ortlioceras  Avelinii 

Cepltalopoda. 

Nereites  Cambrensis  . 

Annelida. 

Sedg^^dckii 

, • 

Trachydemia  anti(|uis.simuni 

. 

SiLfoss.  37,  fig.  1. 
Sil.  foss  38,  figs.  1,  2. 


Sil.  foss.  8,  fig.  4. 


Sil.  foss.  42,  fig.  3. 
Sil.  foss.  42,  fig.  2. 
Malveni  Proc.,  pt.  1 
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yEgliiia  binodosa 
Ainpyx  iiiulus  . 
Asaplius  laticostatus 

tvraiiiiiis 

Calymeiie  jxin'ifroii» 
lUiunus  Murchisoiiii 
Ogygia  Bucliii  . 

Sehvynii  . 

Trinucleus  fimbriatus 
Lloydii 


Crmtacea. 


Sil.  foss.  8,  fig.  6. 
Sil.  foss.  46,  fig.  7. 
Pal.  foss.,  p.  170. 
Fo.ss.  gr.  3,  e. 

Sil.  fo.ss.  9,  fig.  4. 
Dec.  G.  S.,  2. 

Foss,  gr.  3,  /. 

Sil.  foss.  9,  fig.  8. 
Foss.  gr.  3,  d. 

Sil.  foss.  10,  fig.  7. 


Bala  and  Caradoc  Group.  — The  central  part  of  Merioneth, 
around  the  town  of  B«da  and  its  lake,  affords  the  most  typical  example 
of  these  rocks.  No  hard  line,  however,  can  be  dniwn  between  them  and 
the  Llandeilo  flags  below.  The  black  slates  gradually  become  more 
siindy  and  gritty  in  texture,  tmd  more  gray  in  colour,  as  we  pas.s  from 
the  Arenig  mountains  towards  Bala,  so  that  over  the  black  slates 
which  we  may  assign  to  the  Llandeilo  flags,  we  get  gray  grits  and  slates 
with  a total  thickness  of  5000  or  6000  feet,  which  we  may  class  with 
the  Bala  beds.  This  thickness  may  be  subdi\ided  near  Bala  in  the  fol- 
lowiii}'  wav  : — 

{Bee  section  Ji(/.  109.) 


Foct. 


7.  Dark  gray  and  black  sandy  slate.s 

. 1200 

6.  Hiinant  limestone 

10 

5.  Gray  sandy  slates  and  grits 

. 1500 

4.  Ikda  limestone 

25 

3.  Gray  sandy  slates  and  grits 

. 1400 

2.  Bala  ash  bed  .... 

15 

1.  Gray  sandy  slates  and  sandstones 

. (say)  1350 

5500 

No.  2.  Tlie  Bala  ash  bed  disappears  in  the  hills  to  the  south  of  the 
lake,  although  No.  4,  the  calcareous  band  calletl  the  Bida  limestone,  is 
distinctly  traceable  some  miles  farther  south,  d^ing  away  towards  Dinas 
Mowddwy.  The  Hirnant  limestone.  No.  6,  is  only  seen  at  one  spot  in 
the  valley  called  Hirnant,  three  miles  east  of  Bala,  and  another  a mile  or 
two  north  of  it.  As  the  beds  are  traced  to  the  north-west  and  west, 
the  Bala  limestone  retains  its  characters  very  persistently  to  the  neigh- 
Ixmrhood  of  Peimiachno,  and  the  ash  bed.  No.  2,  is  always  found  at 
about  the  same  distance  below  it ; another  similar  ash  bed  coming  in, 
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in  Bome  places,  about  a thousand  feet  lower  down.  The  occurrence  of 
the  two  jMiCuliar  Ijeds,  the  limestone  and  the  ash  below  it,  enable<l  me, 
when  sun’eying  the  ground  in  1846  and  1847,  to  trace  them  through 
a number  of  large  dislocations  across  a broken  country,  from  the  valley 
of  the  Dee  to  that  of  the  Conway. 

To  the  west  of  the  Conway  valley  the  Bala  beds  Ixicome  more  and 
more  inva<led  by  igneous  rocks,  both  contemporaneous  and  intrusive, 
and  the  ash  beds  join  on  to  their  parent  bands  of  contemjwraneous 
trap.  Tile  gray  gritty  slates  liecome  more  purely  black  slate  as  we 
ajiproach  the  town  of  Conway,  though  thick  beds  of  brownish  sand- 
stone occur  in  them.  Some  of  the.se  sandstones  are  calcareous,  and 
probably  are  on  the  same  horizon  as  the  Bala  limestone,  an<l  they  have 
below  them  two  thick  masses  of  feLstone  trap,  separateil  by  slate,  which 
contains  a j>eculiar  bed  of  purjde  conglomerate  ; the.se  felstones  being, 
perhap.y,  the  old  submarine  flows  from  which  the  a-^li  beds  of  the  Bala 
(Xiuntry  derivcsl  their  origin.  Tliis  peculiar  succe-ssion  again  made  it 
jKi.ssible  to  trace  a series  of  faults  with  throws  of  two  or  three  thou- 
sand feet  across  the  hills  south  of  Conway. 

Farther  .south  a great  calcareous  ash,  forming  the  upjier  part  of 
Snowdon,  is  con-sidered  by  Profe.ssor  Ram.say  to  be  the  repre.sentative 
of  the  Bala  limestone ; and  enormous  masses  of  igneous  rocks  spread 
below  it  with  such  complication  as  to  have  required  years  of  labour  on 
the  part  of  my  colleagues,  Ram.say,  Selwyn,  and  Aveline,  to  di.sentangle 
and  lay  them  down  on  the  jiublished  majis  and  sections  of  the  Geologi- 
cal Sur\'ey.  For  not  only  were  these  great  masses  of  igneous  rocks  of 
almost  all  varieties,  and  both  of  contem|sjmneous  and  intrusive  charac- 
ter, but  similar  igneous  mas.ses  occur  on  different  geological  horizons. 
The  traps  of  Snowdonia,  for  instance,  which  lie  in  the  Bala  beds,  die 
away  towanls  the  south-east  into  one  or  two  thin  ash  beds,  and  gradually 
di.^^ajipear  altogether,  while  a .similar  series  commence  in  that  direction 
in  the  Llandeilo  and  Lingula  flags,  fonning  the  hills  kno^^'n  a.s  the 
Arenigs,  Aran  Mowddwy,  and  Cailer  Idris.  A corresponding  change 
tiike.s  place  siinultaneou.sly  in  the  aqueoms  rocks,  the  B«ila  beds  of  Caer- 
nar\'onshire  more  nearly  resembling  some  of  the  Llandeilo  beds  of 
Merioneth  than  they  do  those  of  the  proper  Bala  country.  This  chang- 
ing serie.s  is,  moreover,  thro>\*n  into  many  abrujit  curvatures  over 
parallel  anticlinal  and  synclinal  axes,  the  radii  of  the  curv’es  being  often 
some  miles  in  length,  while  numerous  and  very  large*  dislocations 
traverse  the  rocks  in  almost  every  direction,  leaving  them,  in  some  parts, 

* One  nmgniflcent  dislwatlon  runs  for  nearly  sixty-six  miles  from  the  lowland  of 
0heshin!,  through  the  Hundred  of  Yale  In  Denhighshire,  dow-n  thmugh  Bala  Lake,  on  the 
west  side  of  Aran  and  cast  of  Cader  Idris,  through  Tal-y-Iljm  to  the  sea  coast  near  Towym 
It  dislm^att^s  the  Carboniferous  as  well  a.s  the  Lower  Silurian  rocks,  and  has  an  api>arent 
downthrow  to  the  north-west  of  3000  or  4000  feet.  It  might  be  well  called  the  Yale  and 
Bala  fault. 
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like  a heap  of  disjointetl  mins.  Tlie  mins,  tw,  liave  been  worn  and 
gullied  by  denuding  agencie.s,  and  are  only  to  be  examined  here  ami  there 
where  they  are  uncovered  by  soil  or  vegetiible  growth.  Tlie  difficulty 
of  the  task  of  detennining  the  fomier  order  and  arrangement  of  their 
several  parts  can  only  be  apj)reciated  by  those  who  go  over  the  ground 
with  the  geological  maps  and  sections  in  their  hands,  and  verify  our 
inteq)retation  of  its  stmcture. 

If  from  the  typical  Bala  county  we  proceed  eastwards  towards 
Shropslure,  the  Bala  beds  iissume  another  phase.  They  lose  most  of 
their  igneous  rocks,  and  much  of  their  slaty  character,  and  pass  into  a 
fonnation  of  brown  sandstone  with  occasional  calcareous  Ijands,  in  which 
form  they  were  first  described  by  Sir  R.  I.  Murchison  under  the  name 
of  the  Caradoc  Sandstone.  Tliis  name  is  derived  from  the  hill  called 
Caer  Cara«loc,  near  Cliurch  Stretton,  the  ancient  caer  or  camp  on  which 
is  named,  after  the  old  British  King,  Caradoc,*  whom  the  Romans 
called  Caractacu.s. 

Characteristic  Fossils  of  the  Bala  and  Caradoc  Rocks. — In  the 
identification  of  a formation  thus  vaiydng  in  lithological  type,  it  is 
obvious  that  great  assistance  must  be  derived  from  its  everywhere  con- 
taining certain  characteristic  fossils,  of  which  the  following  is  a list  of 
the  most  remarkable  and  abundant  siKJcies  : — 


Pol^zoa. 


Didjinograpsus  caduceus 
Diplograpsus  bullatus 
Fenestella  capillaris 
Graptolithus  Conybeari 
Ptilodictj'a  acuta 


Q.  J.  Geol.  Soc.,  ix.  p.  87. 

Q.  J.  Geol.  Soc.,  vii.  p.  174. 
Portl.  Geol.  RejKjrt,  p.  32.3. 
Q.  J.  Geol  Soc.,  viii.  p.  390. 
Sil.  fos.s.  27. 


Brachiofoda. 

Discina  (Orbicula)  pmictata 
Orthis  elegantula 

flabellulum 

insularis. 

vespertiUo 

Strophomena  complanata  . 

Conchifera. 

Ctenodonta  semitmneata  . 
Modiolopsis  expansa 
Orthonota  nasuta 


Sil.  foss.  36,  fig.  1. 
Foss.  gr.  4,  b. 

Foss.  gr.  4,  a. 

Sil.  foss.  12,  fig.  7. 
Sil.  syst.,  p.  636. 


Foss.  gr.  4,  c. 

Foss.  gr.  4,  d. 

Sil.  fo.ss.  12,  fig.  12. 


• In  the  ])ronunclntion  of  Welsh  words  the  accent  is  always  to  l»c  thn»wn  on  the  i>enul- 
limatc  syllable,  so  tliat  although  In  Shropshire  the  name  is  pronounced  Carildoc,  in  Woles  it 
would  be  called  Caradoc. 
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GaM^ro}>oda. 

Cyclonema  rupe«tTe  . 

Holojioca  concinna 
Raphlstoma  e^juale  . 

Hetfrojfoda. 

Belleroj)hon  nodonus 


Sil.  fo8s.  37,  fig.  4. 
Fo.ss.  gr.  4,  fig.  <•. 
Sil.  foss.  37,  fig.  2. 


Sil.  fofv'.  12,  tig.  11. 


Cepluiloi>o<la. 


Lituites  Hiljernicus  . 
Orthoceraji  vagan.*? 
Poterioceras  ai)]iroxiinatum 


Foss.  gr.  4,/. 

Sil.  foss.  40,  fig.  1. 
M‘Coy.  Sil.  foss.,  p.  1 0. 


Fossil  Group  No.  4. 

Bal.-i  and  Caradoc  Fossila. 

a OrthiH  flal>ellulum.  d MtHliolopsis  exjtansa. 

h Onhis  eli  gnntula.  ••  llolopea  concinna. 

c Ctenodonta  somitruncata.  / Litultes  Uibemicus. 


EchhuAUrmato 

Agi'larrinua  Buchianus 
Echiiiosphaerite.s  auraulium 

Balticas 

Pala}a.<tcr  usperriiiius 

obtiwu.s 

Splu'iunites  Litclii  . 

Anndida. 

OossojKxlia  Scotica 
Tracbydeniia  Iseve. 


Sil.  fo8s.  30,  fig.  6. 
Fos.s.  gr.  5,  a. 

Sil.  fos.**.  30,  fig.  1. 
Sil.  fo.ss.  31,  fig.  2. 
Sil.  foss.  31,  fig.  1. 
Foss.  gr.  5,  h. 


Sil.  foss.  42,  fig.  4. 
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Crmtacea. 


Aci(laj<|>i.s  Jamesii 


.Ej^'lina  inirubilis  .... 
Aj;iiositns  triiiodu.s  .... 
A.saplms  Powisii  .... 
Beyricliia  coniplicata  {find  Llandeilo) . 
Calymeiie  breviaipitiita  {and  Llatuhdlo) 
ClieiniriiJt  clarifron.s 
Harju'.s  Flanagani  .... 
Illa.'nus  Ibnvinanni  {and  Llandoren/) 


Illsvmis  Duvif^ii 
Liolias  IlilK'niicus  . 

Pliacnj»s  apifiilatii.H 
Rc-im  )j)UMiri«l(>s  dorso-sjanifei* 
StamtHu'jjlmlu.s  globicci>s 
Trinnolens  soticoriiis 


Di*o.  7,  t.  b. 

Sil.  foss.  26,  fig.  3. 
Fos.s.  gr,  5,/. 

Sil.  fo.ss.  44,  fig.  1. 

Sil.  foss.  10,  fig.  10  a. 
Sil.  fos.s.  10,  fig.  9. 

Sil.  foss.  46,  fig.  1. 

Sil.  46,  fig.  4. 

Doc.  G.  S.,  No.  2. 

Fo.'t.‘«.  gr.  5,  c. 

Foss.  gr.  5,  d. 

Fo.ss.  gr.  5,  c. 

Sil.  fosB.  46,  fig.  5. 

Port.  Gool.  Rop.,p.  257. 
Sil.  foss.  13,  fig.  1. 


Fossil  Group  Xo.  ■* 
Bala  and  Cnradoc  Fossils. 


rt  Evhinosplia-nles  aumntiiiiii.  </  Lielias  nibemicus. 

h Splia'ronitfs  Litchi.  e I’hncops  iipiculatus. 

e lilii'nuH  Davisli.  / Amiostu-s  trinodiis. 


Jjower  Handover}/  Sandstone. — In  tracing  the  top  of  the  Bala  beds 
from  North  Wale.s  into  South  Wales,  cerbiin  bcals  of  sand.stone  come  in. 
In  the  neighbourhood  of  the  little  town  of  Llandoverj",  in  Caennai-then- 
shire,  a bed  of  conglomerat<?  occurs  which  may  be  taken  ns  the  bn.“e  of 
a series  of  sandstones  and  shales,  var}  ing  from  200  to  900  feet  in 
thickne.ss,  which  apj)ear  to  belong  physic^dly  to  the  Bala  l>eds  ; and  to 
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l)e  a mere  local  sulxlivision  of  that  series.  There  is,  however,  rather  a 
j)L'Culiar  assemblage  of  fossils  in  them,  some  few  peculiar  to  the  group, 
some  ranging  into  it  from  the  Biila  beds  below,  some  ranging  through 
it  from  the  Lower  into  the  Upper  Siluritm  groups,  and  some  com- 
mencing in  it  but  proceetling  fnmi  it  into  those  groups,  Tlie  fossils 
]»eculiar  to  the  grouj),  and  therefoi-e  characteristic  of  it,  arc — 


Xidulites  fiivus 


Poli/zoa. 


Brachiopoda. 

Atrj'pa  hemispherica  and  crassa  . 
Rlnmchonella  augustifrons 
Orthis  \drgata. 


Sil.  foss.  27. 


Sil.  foss.,  pL  9. 
Sil.  foss.  48. 


Some  of  those  which  range  from  the  Bala  beds  below  into  the  Lower 
Llandover}-  rock.s,  are  the  following  : — 


Petraia  subdiiplicata  . 
Orthis  Act(Jiiia* 

Orthis  caligramma 
Murcldsonia  siiu])lex 
Homalonotus  bisidcatus, 
Illanus  Bowmanni 
Lichas  laxatus 


Sil.  foss.  14. 
Sil.  foss.  32. 
Sil.  fos.s.  9. 

Sil.  foss.  9. 
Deo.  G.  S.  2. 
Sil.  foss.  44. 


(See  Murchmni^  SUuria^  Tliinl  Edition,  chapters  v.  and  ix. ; and 
Horizontal  Sections  of  Geol.  Survey,  sheet  4.) 

The  gix)up  i.s  connected  with  the  rocks  above  by  the  occurrence  of 
Pentameri,  especially  Pentamerus  lens  (Foss.  gr.  No.  6,  fig.  d),  in  great 
abundance,  and  by  the  following  fossils  : — 

Petraia  Inna  ......  Sil.  foss.  52. 

Atiy^m  marginalis  .....  Sil.  foss.,  pi.  9. 

Leptana  scissa  and  trau.sver«ilis  . . . Sil.  foss.,  pi.  9. 

besides  several  that  range  from  the  Lower  into  the  Upper  Silurian 
groups. 

It  u*  probable  that  this  group  of  rocks  has  in  reality  a much  wider 
extension  than  luts  yet  been  assigned  to  it,  and  that  it  occupies  more  or 
less  of  the  large  tract  of  Lower  Silurian  ground  which  spreads  in 
numerous  undulations  through  Cardiganshire  and  the  adjacent  counties. 
The  Plynlymmoii  group  of  Prafessor  Sedgwdek,  in  ixirt  at  least,  belongs 
t(^  it,  as  aj)j)«ir.s  fnnn  the  list  of  fossils  got  at  the  Devil’s  Bridge,  mid 
determined  by  Mr.  Salter,  in  which  Atrypa  crassa  occurs.  (See  Quart. 
Jour.  Gcol.  Soc.,  vol.  iii.,  p.  152.)  Profe.s.sor  Sedgwick’s  Abeiystwith  group 
may  i>o.ssibly,  perhaps,  belong  to  the  Ikda  beds  below  ; but  the  whole 
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countn’’  is  so  violently  contortt^l,  and  thrown  into  such  numerous  and 
rapid  undulations,  that  it  is  almost  impossible  to  obseiwe  directly  the 
order  of  8uperj)osition  of  the  rocks,  as  a])pears  from  the  fact  of  Professor 
Seil>s^Wck’s  placing  Ids  groups  below  the  Llandeilo  flags  instead  of  above 
them,  which  from  Professor  Ramsiiy’s  section,  sheet  4,  is  obviously  their 
true  jKisition. 

Cumherland  and  Westmoreland — Tlie  Coniston  group  of  Professor 
Se^lgwick  is  doubtless  in  part  e(iuivalent  to  the  Rila  group.  A\Tiether 
the  group  below  (his  Chloritic  slate  and  porpliyrj')  ought  to  be  jflaced 
with  the  Llandeilo  flag  or  the  Lingula  flag,  or  either  of  them,  is  difficult 
to  decide  in  the  absence  of  fossil  evidence. 

His  Skiddaw  slate,  again,  in  which  fiicoid  impressions  only  have 
been  found,  may  be  either  the  lower  beds  of  this  period  or  ndght  pos- 
sibly be  even  of  Cambrian  age. 

Scotland. — The  rocks  of  the  border  Highlands,  from  Dumfries  to  the 
Lammenuuir  Hills  belong  to  this  period,  pix)bably  both  to  the  Llandeilo 
fliigs  and  the  Ikila  grouj).  They  contain  among  others  the  following  ♦ 
fossils  : — DiplogrjipsiLs  ]uistis,  sextans,  ami  teretriusculus  ; Graj>tolites 
Sedg^vickii,  Wilsoni,  Flemingii,  and  priodon  ; RiLstrites  peregrinus  ; 
Orthoceras  politum,  etc.  Assoeiatetl  with  numerous  Graptolites  is  a band 
of  Anthracite  tiaceable  for  fifty  miles  through  the  county  of  Dumfries 
{Harkness,  Quart.  Jour.  (Jeol.  Soc.^  vol.  vii.,  ]).  46).  In  other  paris  occur 
other  fo.ssils,  the  same  as  those  of  the  B<ila  beds  {Murchixon,  Quart.  Jour. 
Oeol.  S)C.^  vol.  vii.,  p.  1 39,  etc.,  and  Siluria,  Tldnl  Edition,  chap,  viii.) 

The  quariz  rocks  and  gneissose  flags  of  Siitherlandshire,  with 
which  beds  of  lime.stone  are  intei-stratified,  belong  to  the  same  part 
of  the  period  as  the  Llandeilo  flags,  as  sheM  ii  by  Sir  R,  I.  Murchi- 
son in  his  recent  papers  in  the  Quart.  Jour.  Oeol.  Soc.,  voLs.  xv.  and  x\iL 
Tlie  quartz  rocks  contain  aimelid  tubes  {Scolithus  linearis)  as  do  the 
quartz  rocks  of  the  Stij)erstones  in  Shropshire  (.see  fig.  107).  The  other 
beds,  particularly  the  Luiiestones,  contain  several  Orthoceratites  and 
other  chambered  shells,  as  also  si)ecie8  of  the  univalve  shells  Maclurea, 
Ophileta,  mid  Mui*chi.st»nia,  and  other  fossils.  It  is  singular  that  stime 
of  the  species  are  identical  with  those  that  occiu*  in  North  America,  and 
do  not  occur  in  Wales,  and  that  the  as.semblage  of  fossils  from  this  dis- 
trict has  more  of  an  Americim  than  of  a British  facies.  {J.  H”.  Salter.) 

Ireland. — Tlie  Lingula  flags  are  not  yet  known  in  Ireland.  Their 
discovery  would  be  of  intere.st,  as  it  would  lie  of  importance  to  know 
whether  they  would  be  confonnable  to  the  Cambrian  or  to  the  Lower 
Silurian  rocks,  or  would,  as  in  Wales,  introduce  confonnity  throughout 
the  series. 

Tlie  Lower  or  Cambro-Silurian  rocks  of  Wicklow,  Wexford,  and 
Waterford  are  of  the  Bala  and  Caradoc  age,  as  shewui  by  their  fos.sils, 
with  unfossiliferous  bcd.s  below  them,  that  may  or  may  not  belong  to 
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tlie  Llandeilo  flags.  They  consist  of  dark  blue  or  black,  and  gray  flags, 
slates,  and  grits,  sometimes,  as  in  Wales,  l>ecoming  purjde,  green,  olive, 
etc.  They  coubiin  many  contemiwraneous  l>eds  of  trap  and  a<h  (felstone, 
etc.)  like  those  of  Wales,  and  one  or  two  calcareous  Ixinds  (verj*  like  the 
Bala  lime.stone)  near  Courtown,  and  at  Tramoi'e. 

Their  thickness  must  be  many  thousand  feet,  but  there  are  no  good 
continuous  sections  sufficient  to  determine  it  exactly. 

Tliey  rejK)se  on  the  Cambrian  rocks  below,  quite  unconfonuably, 
stretching  directly  acro.ss  the  ends  of  the  beds,  and  coming  into  contact 
witlj  different  portions  of  the  lower  rocks. — (/Sfce  Section  fg.  82,  p.  29.5.) 

Tlie  fossils  are  found  only  in  the  u])j)er  |xirt  of  the  series  in  the 
neighb«)urliood  of  the  traps,*  and  calcareous  bands,  and  the  exact  rela- 
tions of  the  lower  beds  are  accordingly  unkno\\Ti. 

Tlie  island  of  Lambay,  and  the  promontory  of  Portraine  in  county 
Dublin,  also  expose  slates  and  calcareous  bands  belonging  to  this 
period,  and  full  of  characterLstic  Bida  fossils,  as  do  also  the  hills  of  the 
• Chair  of  Kildare,  (See  e,\plan.  of  sheets  102,  112,  and  119  of  the 
Ma])S  of  the  Geological  Survey  of  Ireland.) 

Another  great  tract  of  apparently  similar  betls  stretches  from  the 
centre  of  Ireland  (Cavan,  etc.),  to  the  coast  of  Do\\ni.  Among  these, 
however,  a jiortion  certainly  belongs  to  the  Llandeilo  flags,  as  near  Bel- 
lewsto\ni,  on  the  confines  of  Dublin  and  Meath,  an  a.ssemblage  of  the 
following  fos.sils  characteristic  of  that  group  were  collected  years  ago  by 
J.  Flanagan  : — ♦ 

Didpnograpsus  Murchisonii. 

Dii)lograpsus  prist  is. 

Graptolite.s  Nilsoni. 

Sagittarius. 

Siphonotreta  micula. 

Lingula,  resembling  Davisii  ; 
and  another  sj>ecies. 

At  a place  allied  Kilnaleck,  in  the  county  Cavan,  a band  of  anthra- 
cite occurs  in  the.se  rock-s,  and  may  be  traced  al.so  in  county  Down,  as 
if  striking  from  Dumfries.  It  occiira  again  nearly  in  the  same  strike 
at  a ])lace  called  Upper  Church,  in  county  Tipj)crar)',  some  miles 
west  of  Thurles  (See  ExpLination  of  Sheet  145  of  the  Map.s  of  the 
Geological  Survey),  in  a large  area  of  Cambro-Silurian  I'ocks,  in  which 
.also  Graptolites  and  other  fo.ssils  have  been  found  by  Mr.  A.  B.  Wynne 
of  the  Geologiaal  Surv'ey  of  Ireland.  These  form  the  central  ma.ss  of 

• The  eroption  of  igneous  rocks  at  the  bottom  of  the  sea,  tliough  doubtless  occasionally 
•lestructive  of  nninml  life  at  the  moment,  seems  generally  favourable  to  its  development 
during  the  perio<l.  Contemporaneous  trap  rocks  have  often  highly  fossiliferous  be<lH  inti- 
mately associated  with  them. 
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rt  {'ruup  of  hills  which  may  he  called  the  Kee])er  group,  and  precisely 
similar  beds,  abounding  also  in  Gmptolites,  occur  in  the  Arra  moun- 
tains and  Slieve  Beniagh  to  the  west  of  it,  wlieiti  they  have  been 
examined  by  Mr.  G.  H.  Kinahan.  Beds  believed  to  be  of  the  same  age 
form  the  heart  of  the  Galty  mounhiins. 

In  the  Cratloe  Hills  north  of  Limerick,  beds  occur  that  probably 
belong  either  to  the  Bala  beds  or  to  the  Lower  Llandovery  grouj) 
(though  one  patch  contained  fossils  ai)j>artmtly  of  Upper  Llandovery 
age),  and  this  Is  the  case  also  with  beds  which  occur  in  Caherconree 
mountain  an<l  the  Annascaul  valley,  west  of  Tralee,  in  county  Kerr\’. 
Tlie  rocks  of  the  hill  chilled  Knocksliigouna  also,  to  the  west  of  Roscrea, 
are  probably  of  Llandovciy  age.  In  the  north  of  Ireland  the  Lower 
Silurian  rocks  of  Pomeroy  and  other  places  yielded  a rich  harvest  of 
fossihs  to  the  labours  of  the  geological  bniiich  of  the  Oalnance  Survey 
under  (Captain,  now)  General  Porthx^k. — (See  his  Rejx)rt  on  the  Geology 
of  LondondeiTV,  etc.) 

On  the  hanks  of  the  Dublin  and  Wicklow  granites,  the  Lower 
Silurian  slates  and  grit.s  are  greatly  metamorphosed  into  mica  and  other 
schists,  and  occasionally  into  gneiss,  and  are  often  full  of  crystals  of 
andalasite,  sUiurolite,  schorl,  feldspar,  and  other  minerals. 

Other  metamorj)hic  tnicts  in  the  north-west  of  Ireland  may  be  also 
composed  of  metamorphosed  Lower  Silurian  rocks. 

Bohemia. — Stage  C,  Argillaceous  schist,  and  stage  D,  Qutirtzites,  etc., 
of  Barrande,  are  of  this  period.  Stage  G con'esponds  to  the  Lingula 
hags,  but  Is  more  fo.ssilifemus,  containing  twenty-seven  species  of  Trilob- 
ites  alone.  Stage  D certainly  con-e-sponds  to  the  Bala  and  Caradoc 
group,  so  that  the  Llandeilo  hag,  as  now  understood,  Is  probably  divided 
between  stages  C and  D.  Stage  C is  characterized  by  what  Rarrande 
calls  his  I*rimoixlial  fauna,  the  Trilobites  of  which  belong  to  the  genera 
Agnostus,  Arionellus,  Conocephalus,  Ellipsocephalus,  Hytlrocephalus, 
Panuloxides,  and  Sao,  genem  which  ai*e  entii-ely  confined  to  that  zone, 
except  one  species  of  Agnostus.  Stage  D includes  the  second  fauna  of 
Barrande,  which  contains  8 1 species  of  Trilobites  belonging  to  the  genem 
Acidaspis,  .Eglina,  Ampyx,  Asaphus,  Cheinirus,  Illoenus,  Ogygia,  Trinu- 
clus,  and  22  others. 

Scandinavia. — M.  Angelin’s  Regio  A.  Olenonmi  and  Regio  B.  Cono- 
coiyyiharum,  consisting  of  aluminous  schists  and  limestone,  arc  ajjproxi- 
mately  ecpial  to  stage  C of  Rirmnde,  and  therefore  approximately  eipial 
to  the  Lingula  Hags. 

The  Scandinavian  beds  contain  7 1 species  of  Trilobites  of  the  same 
peculiar  genera  as  the  Bohemian  beds,  but  without  one  identical 
.species. 

Angelin’s  regions — B C,  Ceratopygarum  (aluminous  schist  and  black 
limestone)  ; C,  A.saphorum  (gray  and  reddish  impure  limestones)  ; and 
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P,  Triniicleoniin  (marly  scliiste  with  calcareous  concretions) — are  to- 
gether approximately  equal  to  stage  D of  Bjirrande. 

Tliere  are  81  species  of  Trilobites  in  the  Bohemian  beds  D,  and  176 
in  those  of  Scandinavia,  B C,  C,  and  D.  The  geneni  are  the  same  in 
both  countries,  and  the  species  nearly  allied  ; but  there  is  said  to  be  * 
not  one  species  conmion  to  the  two  districtvS. — {Dan'ande'a  ParalUle  entre 

dep6ts  Siluriens  de  BoMme  et  Scandinavie) 

It  is  yet  doubtful  w'hether  these  specific  differences,  existing  together 
with  generic  identities,  be  due  to  a want  of  exact  synchronism  in  the 
age  of  the  beds,  or  to  the  geographical  distribution  and  limitation  of 
the  life  of  the  period  ; wliether,  in  fact,  they  are  the  result  of  time  or 
sj)ace.  It  is  perhaps  most  j)robable  that  they  are  contemporaneous,  or 
nearly  contemporaneous  gr<^uj)s,  deposited  in  seas  sepiirated  either  by 
intermediate  lauds  or  by  impassable  depths,  or  traversed  by  currents 
from  difierent  soimies. 

North  America, — Accoixling  to  Prof.  H.  D.  Rogers,  the  following  is 
the  series  of  the  Lower  Siluiiau  rocks  of  Pennsylvania  : — 


Hudson  River 
Group. 


f 

1 


Black  River 
Group. 


Potsdam 

Group. 


11.  Lorraine  shale  and  sandstones 
10.  Utica  slate  .... 

9.  Trenton  limestone 
8.  Black  River  limestone 
7.  Birdseye  limestone 
6.  Chazy  limestone 
6.  Calciferous  sandstone  . 

4.  UpiKjr  Primal  slate 
3.  Potsdam  sandstone 
2.  Lower  Primal  slate 
1.  Conglomerate  with  quartzose,  feld- 
spathic,  and  slaty  pebbles 


Feet 

I 2000 

500 

|2500 

100 

700 

700 

1200 

I 150 


Characteristic  Fossils. — Rogers  says  that  1 and  2 are  unfossiliferous. 
No.  3,  the  Potsdam  sandstone,  contains  a Lingula,  from  which  it  is  sup- 
posed to  be  equal  to  Lingula  flags.  No.  4 contains  Fucoids  only. 

Nos.  5 U)  8,  or  the  Black  River  group,  have  about  100  species  of 
fossils,  and  are  apparently  nearly  equivalent  to  the  Llandeilo  flags. 

Tlie  Hudson  group  has  a very  laige  assemblage  of  fossils,  of  which 
not  more  than  2 or  3 per  cent  are  found  in  any  higher  bed.  They  con- 
tain Trinucleus  concentricus,  Orthis  striatula  and  biforata,‘etc.,  and  are 
therefore  supposed  to  l)e  very  nearly  the  equivalents  of  the  Caradoc 
sandstone  and  Bala  beds. 

The  beds  described  by  Mr.  Dale  Owen  are  supposed  to  be  an  exten- 
sion and  development  of  the  Potsdam  sandstone,  in  the  country  west  of 
Lake  Michigan. 
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They  contain  an  abundance  of  fossils  down  to  the  very  base,  con- 
sisting of  Lingula,  Orbicula,  Obolus,  Trilobitcs  of  several  peculiar  forms 
called  Dikelocephalus,  etc.,  and  of  compressed  subconical  bodies,  resem- 
bling Cephalopoda,  but  probably  not  belonging  to  theuL  The  fossils 
are  locally  in  immense  abundance,  although  not  numerous  in  species. 
They  are  most  proUibly  of  the  age  of  the  Lingula  flags. 

Dr.  Bigsby,  in  Qiiart.  Jour,  Gcol.  Soc.y  vol.  xiv.,  has  a most  elaborate 
paper  on  the  Palax>zoic  rocks  of  the  State  of  New  York,  with  fuU  de- 
scriptions of  the  rocks,  and  lists  of  the  fossils.  The  Potsdam  sandstone 
has  no  slate  above  or  below  it  as  in  Pennsylvania,  and  other  slight  dif- 
ferences occur  in  the  various  grouping  and  thickne.ss  of  the  rocks. 

In  Newfoundland,  I fonnerly  described  four  groups  of  beds  as  mak- 
ing the  peninsula  of  Avalon  and  other  parts  of  the  island,  under  the 
following  provisional  designations  : — 

Upper  slate  ( Belle  Isle  shale  and  gritstone, 
formation.  ( Variegated  slate. 

Lower  slate  ( Signal  Hill  sandstones, 

formation.  ( St.  John’s  slate. 

I was  not  lucky  enough  to  detect  any  fossils  in  them,  but  Mr.  C.  Ben- 
nett has  subsequently  been  so  fortunate  as  to  hit  upon  a thin  layer  of 
trUobites,  of  the  genus  Paradoxides  (named  P.  Bennettii  by  Mr.  Salter), 
in  the  slates  of  the  west  side  of  St.  Mary’s  Bay.  These  slates  belong  to 
the  group  I called  the  St  John’s  slate,  which  is  covered  conformably  by 
the  Signal  Hill  sandstone.  The  Variegated  slate  group,  on  the  other 
hand,  passes  up  into  the  Belle  Isle  shale  and  gritstone,  and  near  Brigus 
Harbour,  in  Conception  Bay,  may  be  seen  to  rest  unconformably  on  the 
St  Jolm’s  slate. — (lieport  on  the  Geology  of  Neicfoundlandy  Murray,  1843, 
p.  79.) 

The  Messrs.  Rogers  have  recorded  the  discovery  of  numerous  fine 
specimens  of  Paradoxides  Harlani,  at  Braintree,  near  Boston  ; and  Sir 
W.  Logan  and  Mr.  Billings,  of  the  Canadian  Survey,  have  lately  des- 
cribed a series  of  fossiliferous  limestones  at  Point  Lewis,  opposite  Que- 
bec, in  one  of  wliich  (probably  the  lowest)  trilobites  of  the  genera 
Conocephalus,  Dikelocephalus,  etc.,  occur,  with  a Lingula  and  other 
fossils,  thus  shewing  the  probable  existence  of  the  Lingula  flag  group, 
while  the  other  limestones  contain  fossils  more  like  the  fauna  of  the 
Bala  beds. 

Dr.  Emmonds  long  ago  described  a great  series  of  rocks  in  the 
United  States  imder  the  name  of  the  Taconic  system,  to  which  I believe 
a good  deal  of  injustice  has  been  done  under  the  influence  of  precon- 
ceived views.  TTie  rocks  were  greatly  disturbed  and  contorted,  but 
according  to  Emmonds  have  a vast  thickness,  and  are  covered  imcon- 
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formably  by  the  Calciferous  sandstone  ; the  base,  according  to  Rogers,  of 
the  Black  River  group,  which  is  supposed  to  be  equal  to  the  Uandeilo 
flags. 

Dr.  Eramonds  now  divides  his  Taconic  system  into  two  parts — an 
Upj)er,  consisting  of  Black  slates  and  other  beds,  including  the  Hoosick 
slates,  wdlh  a total  thickness  of  25,000  feet  ; and  a Lower,  containing 
the  Stockbridge  limestone,  and  other  beds  resting  on  brown  grits  and 
quartz  rocks,  having  a total  thickness  of  5000  feet.  In  the  Black  slate, 
forming  the  uppenuost  of  this  series,  are  a number  of  trilobites,  some 
of  wliich  Barrande  refers  to  Paradoxides  and  Peltura  (or  Olenus),  and 
believes  them  to  belong  to  his  so-called  Primordial  fauna. — (Paper  by 
M.  Barrande,  entitled,  “ Documents  Anciens  et  Nouveaux  sur  le  Faune 
Primordiale  de  la  System  Taconique  cn  Am^rique.  Bulletin  de  la  Soc. 
Geol.  de  France,  Fevrier  4th,  1861.) 

It  is  possible,  perhaps,  that  the  lower*  part  of  the  Taconic  system 
belongs  to  the  Cambrian  period,  and  perhaps  is  the  same  with  the 
Huron  ian  group  of  Sir  W.  Logan. 


Life  of  the  Period. 

We  have  already  examined  the  scanty  traces  of  organic  life  which 
have  hitherto  been  detected  in  the  rocks  of  the  Cambrian  period, 
and  seen  reason  to  doubt  that  those  can  be  the  records  of  the  first 
appearance  of  life  upon  the  globe,  though  they  are  undoubtedly  the 
earliest  of  which  we  have  any  knowledge.  Tlie  traces  of  life  in  the 
earliest  part  of  the  Cambro-Silurian  j)eriod  are  likewise  few  and  scanty, 
and  belong  to  animals  quite  as  widely  separated  from  each  other  in  the 
scale  of  existence  as  are  those  of  the  Cambrian  period. 

We  may  remark,  in  the  first  instance,  that  none  of  the  undoubted 
Cambrian  forms  have  hitherto  been  found  in  any  Cambro-Silurian  for- 
mation. 

Secondly,  It  is  remarkable  that  while  the  Cambrian  Oldhamia  bears, 
according  to  Dr.  Kinahan,  a striking  re.semblance  to  the  li\ing  Sertu- 
laria,  so  the  Lingulce  of  the  Lingula  flags  are  w’onderfully  like  shells  of 
the  same  genus  living  at  the  present  date.  I have  myself  gathered 
from  the  mud  of  a little  bay  near  Cape  York,  in  Torres  Straits,  living 
Lingula),  w-hich  to  all  appearance  difler  from  those  of  the  Lingula  flags 
only  in  being  a little  smaller  and  narrower  in  form. 

WliUe,  however,  this  is  the  case  wdth  the  Bracliiopods,  most  of  the 


• It  docs  not  appear  clearly  that  Dr.  Emnionds’s  Identification  of  the  Upper  and  Lower 
parts  is  certainly  correct ; but  if  the  fossils  really  occur  in  the  Upi»er  part  only,  and  there 
be  a great  thickness  of  unfossilifcrous  beds  really  below  tbein,  tlien  these,  or  some  of  them, 
may  well  be  Cambrian. 
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Crustacea  belong  to  an  order  (Trilobites),  which  became  totally  extinct 
at  a verj'  early  period  of  the  earth’s  history  ; and  not  only  so,  but  the 
very  genera  which  existed  during  the  time  when  the  Lingula  flags  were 
deix>site<l  all  died  out  before  the  close  of  the  Cambro-Silurian  period, 
and  most  of  them  even  became  extinct  in  this  early  part  of  the  period 
itself. 

Another  observation  worthy  of  notice  is,  that  as  yet  no  fonu  of 
Graptolite  has  been  recoixled  as  having  been  found  anywhere  in  the 
Lingula  flags,  although  the  kind  of  rock  is  often  such  as  that  in  which 
Graptolites  occur  abundantly  in  the  next  succeeding  groups. 

The  Graptolites  are  linear  bodies,  with  a slender  stem  and  small 
notches  or  indentations  arranged  along  one  or  both  sides  of  it.  They 
are  sometimes  18  or  20  inches  in  length  •without  any  definite  termina- 
tion, at  others  they  tenninate  in  one  direction  in  a sort  of  spike  with- 
out notches.  They  w'ere  at  one  time  believed  to  be  allied  to  the  Vir- 
gularia  or  Seapens  (whence  the  name  of  Graptolite,  from  (fraphoy  to 
WTite),  belonging  to  the  Coclenterata,  but  are  now  supposed  by  Professor 
Huxley  to  have  been  Polyzoan  Mollusca. 

Tlie  Trilobites  were  Crustacea  somewhat  analogous  to  the  Limulus  or 
King  Crab  of  tropical  seas,  a kind  of  crab  with  a large  shield  covering 
the  b(xly,  and  small,  soft,  inconspicuous  legs  or  feet.  It  is  probable 
that  the  body  and  under  parts  of  the  Trilobites  were  entirely  soft,  as 
nothing  but  the  shields  are  found  in  a fossil  state,  though  these  are 
in  some  places  very  abundant.  They  are  named  from  the  shield  being 
divided  longitudinally  into  three  lobes  or  divisions,  more  or  less  marked 
in  the  different  geneiu.  It  is  also  divisible  into  three  parts  : head, 
thorax,  and  pygidium  or  tail  piece,  each  of  which  shew  more  or  less  of 
the  trilobed  division.  Tlie  tliomx  is  often  composed  of  several  distinct 
rings,  which  in  some  were  movable,  so  that  the  animal  could  curve 
itself  just  as  the  lobster  cun^es  the  tail  beneath  the  b(xly. 

Lingula  Flags. — The  list  given  previously  as  that  of  the  charac- 
teristic fossils  of  the  Lingula  flags,  contains  in  reality  almost  the  w’hole 
assemblage  of  fossils  tliat  have  hitherto  been  described  as  found  in  them 
in  the  British  Islands. 

Llandeilo  Flags. — In  proceeding  to  the  next  group,  namely,  the 
Llandeilo  flags,  we  find  traces  of  life  becoming  more  abundant  and 
belonging  to  a greater  variety  of  forms.  Some  obscure  plants  have 
been  described  like  cords  in  shape,  and  therefore  probably  sea-weeds. 
Some  corals,  also,  appear,  and  among  them  the  beautil'ul  Chain  coral 
(Haly sites  catenularius,  Sil.  foss.  19,  28,  and  pi.  40),  which  is  found 
stiU  more  abimdantly  in  newer  groups,  ranging  up  as  high  as  the 
Wenlock  limestone,  where  it  is  most  abundant  of  all. 

The  Graptolites  are  very  niunerous.  Three  species  of  Did}Tno- 
grapsus  or  twin  Graptolite,  like  two  single  Graptolites  united  at  the  base, 
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occur  only  in  the  Uandeilo  flags,  while  one  is  only  found  in  the  Bala 
beds.  No  less  than  nine  species  of  double  GraptoUte  (Diplograpsus,  or 
those  having  cells  on  both  sides  of  the  stem)  are  found  in  the  Llandeilo 
flags  ; of  which  one  has  been  found  also  in  the  Bala  beds,  and  one 
other  has  been  found  only  in  that  group.  The  genus  Rastrites  is 
perhaj>8  peculiar  to  the  Llandeilo  flags.  Of  the  genus  Graptolithus 
there  are  six  species  in  the  Llandeilo  flags,  one  of  which  is  found  in 
the  Bala  beds ; and  there  are  six  others  in  those  beds,  of  which  one 
ranges  into  the  Ludlow  group  of  the  next  period. 

Of  Brachiopodous  shells  there  are  five  species  of  Lingula  (different 
from  those  of  the  Lingula  flags),  which  are  found  only  in  the  Llandeilo 
group,  nine  species  of  Orthis,  of  which  three  are  peculiar  to  the  group, 
and  one  (O.  Actonia))  which  ranges  into  the  Llandovery  rocks,  while 
three  species — namely,  hiforataj  caUifframnuiy  and  elegantuXa — survived 
even  to  the  period  when  the  Wenlock  beds  were  deposited  A Spirifer, 
called  inmlarisy  signalizes  the  first  appearance  of  this  genus,  and  the 
genus  Leptajna  gives  the  first  indications  of  its  existence  in  the  species 
tenuicinctaj  which  is  foimd  also  in  the  Bala  beds  and  sericea  which 
ranges  into  the  Wenlock. 

The  Conchifera,  or  ordinarj^  bivalves,  and  the  Gasteropods,  are  repre- 
sented by  the  genera  and  species  mentioned  at  p.  446. 

The  genus  Bellerophon  makes  its  appearance  in  the  Llandeilo  flags, 
as  do  also  two  genera  of  Pteropoda — namely,  Maclurea  and  Theca — ^and 
two  of  Cephalopoda,  Orthoceras,  and  Oncoceras. 

Passing  from  the  Mollusca  to  the  Annulosa,  we  find  in  the  Llan- 
deilo flags  several  markings  attributed  to  Annelida,  of  which  one  kind, 
assigned  to  a genus  called  Neieites,  is  peculiar  to  that  group. 

Tlie  CVustacea  exhibit  numerous  trilobites.  Of  these,  the  genera 
Angelina,  with  two  species  ; Ogygia,  "with  five  species  ; and  probably 
also  the  whole  genus  Olenus,  with  its  five  species,  are  peculiar  to  the 
Llandeilo  flags  ; the  geniLs  .^lina  has  three  species  in  the  Llandeilo 
flags,  and  one  other  in  the  Bala  beds  ; of  Agnostus,  the  species 
M^CoH  is  Llandeilo  only,  both  Lingula  and  Llandeilo,  and 

trinodm  is  peculijir  to  the  Bala  beds.  Asaphus  shews  two  species 
in  Llandeilo  flags,  anti  four  others  in  the  Bala  beds,  the  genus  then 
becoming  extinct.  Be}Tichia  has  one,  compUcatay  common  to  the 
Llandeilo  and  Bala  beds,  and  four  others  peculiar  to  the  latter,  while 
there  are  three  more  in  the  Upper  Silurian  rocks.  The  genus 
Calymene  also  commenced  its  existence  during  the  deposition  of 
the  Llandeilo  flags,  two  species,  dupUcata  and  parvifrmgy  being 
found  in  them  only ; one,  hreincapitatOy  both  in  them  and  the  Bala 
beds ; while  others  belong  to  Upper  Silurian  groups.  Of  the  genus 
Clieirurus,  one,  Sedgicickiiy  is  foimd  only  in  the  Llandeilo  flags  ; 
four  are  found  only  in  the  Bala  beds,  while  one  other  ranges  from 
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them  into  the  Wenlock  group.  Cybele  has  one  species,  verrucosa j com- 
mon to  the  Llandeilo  and  Bala  beds,  and  one,  rugoaa,  only  in  the 
latter.  Homolonotus  is  first  seen  in  the  Llandeilo  beds  in  a species 
called  Vulcanij  two  others  appearing  in  the  Bala  beils,  and  two  more 
only  in  tlie  Upper  Silurian  rocks.  The  genus  Ula}nua  has  two  sjxjcies 
Murchiaomi  and  perfrvalisy  in  the  Llandeilo  flags  ; two  others  in  the  Bala 
beds  only,  one,  namely,  L Bowinanni^  common  to  those  beds  and  the 
Llandovery  rocks ; while  another  makes  its  appearance  in  the  Upper 
Silurian  i>eriod.  Stygina  has  one  LlandeUo  species,  namely,  Mur- 
chUome  (named  after  Lady  Murchison),  and  another,  latifronsj  in  the 
Llandovery  rocks.  Of  the  genus  Trinucleus,  five  species  are  i>eculiar  to 
the  Llandeilo  flags,  one  common  to  them  and  the  Bala  beds,  and  two 
foimd  only  in  the  latter. 

Bala  Beds. — "Wlien  we  come  to  the  Bala  beds  themselves,  fossils 
become  still  more  numerous  and  varied. 

No  distinct  Plants  have  yet  been  recorded  from  them. 

Two  Sponge-like  bodies,  called  Acanthospongia  and  Clione,  have 
been  note<l ; and  one,  Stromatoi^ra  striatella  (Sil.  fbss.  6 1 ),  makes  its 
first  appearance  now  ; but  is  still  more  abundant  in  the  Wenlock 
limestone. 

Of  Corals,  we  find  the  Favosites  alveolaris,  which  ranges  into  the 
Ludlow  rocks,  the  Halysites  catenulariiis,  already  mentioned,  six 
species  of  Heliolites,  four  ranging  into  Upper  Silurian  groups,  while 
twOf/avosus  and  imrdinatua  (Sil.  foss.  27),  are  confined  to  the  Bala  beds. 
Of  Nebulipora,  tv'o  species  are  peculiar ; while  Omphyma  turbina- 
tum  ranges  from  Bala  to  Wenlock  rocks.  Of  the  genus  Petraia  none 
are  peculiar  ; all  the  species  ranging  into  the  Llandovery,  and  one  into 
the  Wenlock  rocks. 

Of  the  class  Polyzoa,  we  get  two  double  Graptolites  from  the  Llan- 
deilo flag,  besides  those  already  mentioned  at  p.  449  as  characteristic  of 
the  Bala  beds,  and  three  other  species  of  single  Graptolites,  of  which 
one,  namely,  G.  priodon,  ranges  into  Upper  Silurian.  Tliere  are  also 
five  species  of  Fenestrella,  three  of  w’hich  are  also  Wenlock  species  ; 
one  of  Glauconome,  also  a Wenlock  species  ; and  five  sj)ecies  of  Ptilo- 
dictya,  two  of  which  also  range  into  the  Upi>er  Silurian. 

Brachiopoda  are  very  numerous  ; the  genera  Atrypa,  Crania,  Dis- 
cina  (Orbicula),  Rhynchonella,  Strophomena,  and  Trematis,  make  their 
first  appearance  ; Crania,  Discina,  and  Rh}Tichonella,  having  existed 
over  since.  Atry]>a  marginalLs  (Sil.  foss.,  pi.  9)  ranges  to  Wenlock  ; 
Crania  divaricata  (SiL  foss.  35)  is  peculiar,  as  are  also  five  species  of 
Discina,  as  the  genus  Orbicula  is  now  called.  There  are  six  species 
of  Leptsena,  including  the  two  which  range  into  the  Bala  from  the 
Llandeilo  beds,  and  two  which  range  from  Bala  to  Wenlock  rocks  ; 
three  species  of  Lingula,  supposed  to  be  peculiar;  and  no  less  than 
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tweuty-eight  sj>ecie8  of  Orthis,  of  which  fifteen  are  peculiar  to  the 
Bala  be<l.s,  two  are  common  to  them  and  the  Llaudeilo,  four  range 
fnun  the  Llaudeilo  through  the  Bala  into  the  Upper  Silurian,  Mhile 
five  or  six  others  extend  into  the  Upper  Silurian  from  the  Bala  beds. 
There  are  also  two  species  of  Ortliisina  peculiar ; five  species  of 
Rhynchonella,  of  which  three  are  peculiar  ; and  twelve  of  Stropho- 
meua,  of  which  seven  are  peculiar  ; M’hile  the  others,  among  which  is 
the  very  common  shell  S.  dej)ressa,  range  into  the  Upper  Silurian.  It 
is  remarkable  that  there  are  no  Pentameri  at  all,  and  that  the  onlv 
Spirifer  is  the  Spirifera  insularis  from  the  Llandeilo  flag. 

Conchifera  also,  of  W’hich  only  two  s})ecies  are  known  in  earlier 
rocks,  now’  become  rather  numerous,  the  genus  Ambonychia  (a  group 
of  bidging  Aviculce)  ha\’ing  six  species  peculiar  to  the  Bala  beds,  w'hile 
Cardiola  scmiruguta,  L}’rodesma  plana  (Sil.  foss.  36),  and  Orthonota 
nasuta  (Sil.  fo.ss.  1 2),  are  equally  confined  to  them.  The  singidar  genus 
Conocardium,  afterwaVls  so  highly  develoj>ed  in  the  Oirboniferous 
period,  shew’s  one  small  species’,  C.  diptemm  ( Sil.  foss.  36).  The  genus 
Ctenodonta  (allied  to  Nucula)  ha.s  twelve  species,  Modiolopsis  seven 
species,  and  Mytilus  (so  abundant  in  the  present  seas)  also  exliibits  two 
ancient  species  in  the  Biila  beds. 

Gasteroj)oda  also  shew  a great  increa.se  of  species  and  genera,  since 
mention  has  been  already  made  of  all  w’hich  previously  existed,  w'hile 
in  the  Bala  beds  Cyclonema  (a  sub-genus  of  Turbo),  Holopseji  (allied  to 
Trochus),  Holopella  (like  a Turritella),  and  Macrocheilus  (somew'hat 
like  Buccinum  or  Pynimidella),  come  into  e.xistence  and  exhibit  .several 
peculiar  sjK*cies.  'I'lierc  are  nine  sjx‘cies  of  Murchisonia,  of  which  three 
range  into  the  Llandovery  beds,  and  seveml  species  of  the  long  extinct 
genera  Ophlleta,  Kajihistoma,  and  Trochonema,  while  Pleui-otomaria 
Irochiformis  is  a .species  of  a genus  that  long  sun'ived  the  period,  and 
Patella  Satumi  belongs  to  a genus  most  abundant  at  the  present  day. 
Some  of  tliese  univalve  shells,  w’hich  resemble  in  form  our  Turl)o 
or  Trochus,  were  believed  by  Edw’aixl  Forbes  to  be  most  probably 
oceanic  shells  floating  like  our  exi.sting  lanthina. 

Of  the  Heteropodons  or  Pteropodous  univalves,  the  Bala  beds  afford 
three  i>eculiar  species  of  Bellerophon,  the  only  genus  of  which  we  have 
.species  in  earlier  beds,  w liile  of  the  genera  now  seemingly  first  com- 
mencing we  have  two  species  of  Rerotheca,  one  Conularia,  C.  elongata 
(Sil.  foss.  39),  and  one  Ecculiomidialus,  E.  Bucklandi  (<7>.) 

Ptussing  to  the  highe.st  group  of  the  Mollusca,  namely,  the  Cepha- 
lopoda, we  find  one  species  of  Cyrtoceras,  five  of  Lituites,  and  one  of 
Poteriocera.s,  genera  now  a])])arently  firet  coming  into  existence,  wliile 
there  are  nineteen  sjiecies  of  Orthocenis,  a genus  of  w'hich  two  species 
had  already  aj»peared  in  the  Llandeilo  beds. 

If  we  turn  from  the  Mollusca  to  the  Annulosa,  we  find  the  class 
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Echincxlerniata  now  making  its  first  appearance.  Among  these  are  two 
genera  of  star  fishes,  Paheaster  with  two  species,  as2)ernmus  and  obtusus 
(Sil.  foss.  31),  and  Pi-otaster  witli  one  species  Salieri  (GeoL  J.  1,  p.  20). 
These  genera  do  not  differ  very  greatly  fixmi  some  living  star  fishes. 
There  is  also  the  order  Cystidea,  allied  to  Encrinites,  which  became, 
however,  entii'ely  extinct  at  the  close  of  the  next  period  ; of  this  we  find 
the  following  genera  and  species — Agelacrinus  Buchianus  (Sil.  foss.  30), 
a form  of  which  only  one  example  has  been  found  in  Euroj>e,  though 
it  occurs  also  in  America ; five  sj>ecies  of  Echinosphairites,  three  of 
Hemicosmites,  and  four  of  Sphseronites,  genera  jieculiar  to  the  Btda 
beds,  and  two  sp<icies  of  a crinoid  genus,  probably  Glyptocrinus. 

In  the  class  Annelida  we  get  several  forms  referred  to  genera  called 
Crossopodia,  Lumbriairia,  and  Trachyderma,  and  two  species  of  Ten- 
taculites,  namely,  aiufUcus  (Sil.  fo.ss.  pi.  12),  which  also  occurs  in  the 
Llandovery  rocks,  and  ornatas  (Sd.  foss.  pi.  16),  which  ranges  into  the 
Wenlock. 

The  Trilobites  become  remarkably  abundant,  and  are,  indeed,  with 
the  Cystidea  pcihajw  tlie  most  striking  and  important  of  all  the  fossils 
of  the  Bala  bcnls.  The  genus  Acidaspis  comes  into  existence  exhibiting 
seven  species,  of  which  one  ranges  into  the  Wenlock.  uEglina  has  one 
species,  mirabilis  (Sil.  foss.  26),  and  then  becomes  extinct.  Agnostus 
has  two  species,  the  one  figured  at  p.  451,  and  limbatus  (Sil  fos.s.  44), 
and  likewise  dies  out.  The  genus  Anipyx  hiw  three  species  ; Asaphus 
has  four  and  dies  out ; Beyrichia  has  five  species ; Calymene  has  three, 
including  the  common  C.  Blumenbachii,  so  abundant  in  the  Wenlock 
limestone  ; Clieirurus  has  also  five,  of  which  ona, bi}nucronatus  (Sil.  foss. 
64,  and  pi  3),  ranges  to  the  Wenlock  gi-oup.  Cybele  ha.s  two  and  be- 
comes extinct  ; Cyplmspis  commences  with  one,  megalops  (Sil.  foss.  64), 
that  ranges  to  the  Ludlow  rocks  ; Encrinurus  also  commences  with 
three  sj)ecie8  ; and  Harpes  lx>th  commences  and  dies  out  with  two  spe- 
cies, Dorani  and  Flanaganni  (Sil.  foss.  46).  llomolanotus  also  com- 
mences with  two  species,  one  of  which  ranges  into  the  Llandovery 
rocks  ; llhonus  has  three  species,  of  which  Davisii  is  figured  at  p.  451, 
and  Boicmanni  (Dec.  G.  S.  2)  ranges  into  the  Llandovery  rocks.  Lichas 
commences  with  six  species,  of  whicli  one,  J/ibernicus,  refeiTcd  also  to 
Bronteus  and  Nutainia  genera  now  suppressed,  is  figured  at  p.  451. 
Phacojw  also  commences,  shewing  eleven  species,  one  of  which,  apicu- 
lotus,  is  figured  at  p.  451.  Remopleurides  both  commences  and  dies 
out,  shewing  seven  si)ecies.  Spha3rexoclius  minis  extends  from  the 
Bala  beds  to  the  Wenlock,  as  does  one  species  of  Staurocephalus,  the 
other  globiceps  being  confined  to  the  Bala  group.  Stygina  shews  one 
species,  latifrons  (Sil.  fo.ss.  26),  and  Trinucleus  two  species,  of  which 
seticornis  (SU.  foss.  13)  is  one,  besides  the  concentricus  from  the 
Llaudeilo  flags  ; both  genera  then  become  extinct.  The  genera  Am- 
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phion  and  Tiresias  also  appear  and  die  out  with  a single  species 
each. 

In  the  Lovccr  Llandovery  hede  the  genus  Pentamerus  makes  its  first 
appearance  with  other  fossils,  but  their  discussion  had  better  be  de- 
ferred to  the  description  of  the  rocks  of  the  next  period. 

M.  Barrande,  to  whose  atlmirable  researches  in  Bohemia,  and  the 
works  that  have  sprung  from  them,  it  is  impossible  to  give  too  high 
a praise,  proposes  the  term  Primordial  fauna  for  the  assemblage  of 
fossils  found  in  the  Lingula  flags  of  Wales,  and  their  corresponding 
beds  in  other  parts  of  the  world.  He  uses  the  tenn  “ Second  Fauna” 
for  the  fossils  of  the  Llandeilo  flags,  and  the  Bala  and  Caradoc  group ; 
and  “ Third  Fauna”  for  those  of  the  Upper  Silurian  period.  These 
terms  seem  to  be  unfortunately  chosen.  Tlie  teim  primordial  involves 
the  idea  of  its  being  not  only  the  earliest  fauna  we  know,  but  the 
earliest  that  ever  existed — a fact  it  would  be  impossible  to  establish 
even  if  no  eai'lier  fossils  were  ever  to  be  found.  That  it  is  not  true  is 
shcwTi  by  the  existence  of  the  Cambrian  fossils  previous  to  it.  It  is 
therefore  to  be  regretted  that  ftL  Barrande  has  shackled  himself  udth 
such  a nomenclature  as  allows  of  no  retrograde  expansion,  and  scarcely 
permits  of  intercalation.  No  one,  I think,  can  really  entertain  the 
belief  that  the  few  scanty  species  yet  found  in  these  early  rocks  are 
anything  but  a miserable  minority  of  the  living  beings  that  existed 
during  the  period  of  their  deposition. 

The  term  Axoic  is  one  diso  that  should  be  at  once  discarded,  since 
no  one  is  warranted  in  describing  a period  as  Azoic  merely  because  no 
fossils  have  yet  been  found  in  the  rocks  belonging  to  it 

Of  those  beings  that  lived  during  the  Cambro-Silurian  period  com- 
paratively few,  perhaj)s,  have  been  preserved,  and  even  of  those  that 
have  been  preserved  we  cannot  believe  that  anything  like  all  have  yet 
been  discovered.  While,  then,  we  refuse  to  base  a positive  belief  on 
merely  negative  evidence,  we  nevertheless  can  only  draw  conclusions 
from  what  we  know ; and  as  it  is  true  that  up  to  the  present  time  no 
fragment  of  any  living  being  that  we  may  class  as  higher  in  the  scale 
of  creation  than  an  Oilhocenis,  or  a Trilobite,  has  yet  been  found,  we 
cannot  assert  that  any  higher  annual  hitherto  existed.  No  bone  or 
scale  of  fish,  or  any  otlier  vertebrate  animal,  has  hitherto  been  estab- 
lished as  found  in  any  Lower  Silurian  rock.  So  long  as  this  remains 
the  case,  we  are,  of  course,  not  warranted  in  supposing  vertebrate  life 
to  have  come  into  existence  on  the  globe. 

The  following  is  a list  of  the  principal  generic  forms  which  first 
came  into  existence,  so  fur  as  is  yet  knowm,  during  this  period,  those 
marked  with  an  asterisk  not  being  knoum  to  have  survived  it : — 

PlantSy  * Chondrites,  *Cruziana,  ^Palieochorda,  *Trichoides. 

SpongidcBy  *Acanthospongia,  Cliona,  Stromatopora. 
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Actinozoa^  Favositea,  Halysites,  Heliolite8,Nebulipora,Omphyma,Petraia, 
Pyritoneina,  Sarcinula,  Stenopora,  Strephodes,  SjTingopora. 
Polyzoa,  Diastopora,  *Dichograpsus,  *Dictyonema,  * Didymograpsus, 
*I)iplograp8U8,  Fenestrella,  Glauconome,  Graptolithus,  Protovirgu- 
laria,  Rilodictya,  ^Rastaitee. 

Brachioj>odaf  Crania,  Discina  (Orbicula),  Leptacna,  Lingula, 

Obolus,  Ortbis,  Orthisina,  Rhynchonella,  Sipbonotreta,  Spirifera, 
Stropboniena,  *Trematis. 

Cmchifera,  Ambonycbia,  ? Cardiola,  Conocardium,  Ctenodonta,  Cucullela, 
Lyrodesma,  Modiola,  Modiolopsis,  Mytilus,  Nucula,  Ortbonota, 
Pterinrea. 

OaUerapoda,  C}’clonema,  Euompbalus,  *Holopsea,  Holopella,  Macro- 
cbeilus,  Murcbisonia,  ^Opbileta,  Patella,  Pleurotomaria,  Rapbis- 
toma,  *Ribciria. 

Ueieropoda  and  Pteropodaj  Belleropbon,  Conularia,  Ecculiompbalus, 

* Maclurea,  Rerotbeca,  Tbeca. 

Cephalopoda^  Cyrtoceras,  Lituites,  OrthoceraB,  * Oncoceraa,  Poterioceraa. 
Echinodermataf  * Agelacrinites,  * EcbinoBjiboerites,  Gh'ptocrinus, 

* Heniicosinites,  Paleoaster,  Protester,  Rbodocrinus,  * Spbceronitea. 
Annelida^  *Apbrodita,  Arcnicola,  Crossopodia,  * Luinbricaria,  *My- 

rianites,  * Nemertites,  * Nereites,  Serpulites,  Tentaculites. 
Crustacea^  Acidaspis,  *iEglina,  * Agnostus,  * Ampbion,  Ainpyx,  * An- 
gelina, *A8ai)bus,  Beyricbia,  Calymene,  Cbeirurus,  *Cono- 
cepbalus,  * Cybele,  Cyphaspis,  * Cyphoniscus,  * Cytberopsis, 
Ditb}Tocari8  ? *Ellipsocepbalu8,  Encrinurus,  *Harpes,  Homalo- 
notus,  * Hymenocaris,  Dlsenus,  Leperditia,  Licbas,  * Ogygia, 
*01enus,  * Paradoxides,  Phacops,  ^Reniopleurides,  Spbcerexocbus, 
Steurocepbalus,  * Stygina,  * Tiresias,  * Tiinucleus. 


CHAPTER  XXVIII. 

UPPER  SILURIAN  PERIOD. 

Typical  Rocks. 

If  we  return  to  the  neiglibourhood  of  Llandovery  in  South  Wales,  we 
shall  find  that  over  the  sandstones  already  described  os  the  Lower 
Llandovery  beds,  certain  other  sand.stones  come  in,  not  very  different 
from  them  in  lithological  character,  and  having  some  fossils  in  common 
with  them.  They  vary  there  from  300  to  700  feet  thick.  They  are 
.separated  from  the  Lower  Llandovery,  because  they  rest  uncomfonnably 
upon  them  and  overlap  them,  so  that  when  traced  towards  the  north 
they  rest  directly  on  the  Bala  beds  (.see  Geol.  Survey  Maps,  sheets  41 
and  42,  and  Horizontal  Sections,  sheet  4).  They  are  called  the  Upper 
Llandovery  rocks,  and  they  fonn  the  true  base  of  the  Upper  Silurian 
serie.s.  That  they  are  physically  distinct  from  the  Lower  Llandovery  is 
shewn  not  only  by  the  local  unconformity  near  Lhmdovery,  wdiere  they 
are  both  j)resent,  but  also  by  the  fact  that  wdierever  the  Low'er  Llan- 
doverj'  rocks  are  to  be  seen  they  adhere  to  and  form  the  top  of  the 
Lower  Silurian  scries,  w'hile  wdierever  the  Upper  Llandovery  are  seen, 
they  lie  conformably  beneath  the  rest  of  the  Upper  Silurian  series,  but 
are  distinctly  and  often  wddely  unconformable  to  the  Lownr  Silurian, 

It  is  indeed  a remarkable  fact,  that  wherever  the  Upper  Silurian 
and  Lower  Silurian  rocks  aixi  found  together  in  anytliing  but  a horizon- 
tal jK)sitiou,  then;  is  an  unconfonnable  break  betwetui  them.  This  is 
often  a clear  discordance  in  the  lie  of  the  rocks,  so  that  they  obviously 
dip  in  different  dii'ections  or  at  diffei'ent  angles.  But  even  wdiere  there 
is  no  apparent  iinconformability,  and  they  dip  and  .drike  apparently 
together,  the  unconformity  may  eventually  be  discovered  by  different 
parts  of  the  two  series  being  in  apix>sition  in  different  places. 

In  parts  of  Shropshire  this  unconformity  is  not  very  striking,  and 
there  it  so  happens  that  the  Bala  and  Caradoc  beds  con.sist  of  yeUow' 
and  browni  sandstones  of  very  much  the  same  charaQter  as  the  Llan- 
dovery beds,  so  that  they  were  originally  classed  together  .under  the 
name  of  the  Caradoc  sand.stone.  Thev  had  in  like  manner  been  called 
Caradoc  on  the  w'est  flank  of  Malvern,  at  Woolliope,  and  May  Hill,  and 
elsewhere.  Professor  Sedgwick  w’as  the  first  to  point  out  the  necessity 


UPPER  SILURUN  PERIOD. 


467 


for  separating  these  betls  from  the  Lower  Silurian,  and  proposed  the 
name  of  the  May  Hill  Sandstone  for  them  (Geol.  Jour.,  vol.  ix.,  p.  215). 
Messrs.  Aveline  and  Salter  afterwards  traced  the  unconformity  between 
them  and  the  Caradoc  beds  in  Shropshire  (Q.  J.  Geol.  Soc.,  vol.  x.,  p.  62), 
and  their  presence  was  aftenvards  recognised  as  the  base  of  the  Upper 
Silurian  series  in  many  other  localities.  After  several  names,  such  as 
Upper  Caradoc,  Pentamerus  beds,  Wenlock  grit,  etc.,  had  been  proposed 
and  discarded,  they  now  seem  to  have  been  settled  as  Llandovery  rocks 
{Siluria^  3d.  edition).  To  this,  however,  the  name  “ May  Hill  Sand- 
stone ” should  be  added  as  a second  title,  since  Professor  Sedg^vick, 
with  M‘Coy,  first  indicated  their  distinctness,  although  they  did  not 
work  it  so  thoroughly  out  as  was  afterwards  done  by  the  Geological 
Survey. 

In  the  Llandovery  country  these  Upper  Llandovery  or  May  Hill 
rocks  are  succeeded  by  a grouj)  of  pale  gray,  smooth,  fine-grained  slate 
rocks,  to  which  the  name  of  “ Tarannon  shales  ” has  been  given  by 
Profe.ssor  Ramsay,  from  the  valley  iuid  river  of  that  name,  betw^een 
Llanidloes  and  Dinas  Mowddwy,  where  they  attain  a thicknes.s  of  600 
feet.  These  pale  slates  sometimes  change  into  a bright  red.  They 
may  be  traced  from  South  Wales  into  North  Wales,  and  folio wetl 
thrcmgh  all  the  undulations  of  the  rocks  down  to  Conway,  foi-ming 
either  w'ith  or  without  the  Upper  Llandovery  beds  a marked  line  of 
sepamtion  between  the  Low'cr  and  Upper  Silurian  di.stricts.  This  little 
group  had  likewise  not  escai^etl  the  obser\’^ation  of  Pi’ofessor  SedgM'ick, 
who  descril>cs  them  umler  the  name  of  the  Rliayader  slates,  as  “ jmle, 
leaden-gray,  i)assing  into  greenish  gray,”  w’ith  “ beautiful  cleavage 
planes.”  He  at  first  gave  them  their  true  place,  at  the  lower  jwirt  of 
the  Upper  Silurian,  though  aften^'anls  he  was  led,  by  the  wonderfully 
contorted  condition  of  the  country,  to  class  them  w'ith  the  Lower 
Silurian.  (Q.  Jour.  Geol.  Soc.,  vol.  iii.,  p.  153.) 

In  North  Wales  these  i)ale  Tarannon  shales  or  Rhayader  slates  are 
succeeded  by  a great  sandstone  formation,  consisting  of  coarse  bnn^m 
sandstone,  wdth  occasional  quartzose  conglomerates,  and  interstratified 
with  black  shites,  and  passing  up  into  brovTi  flags  and  slates,  which 
were  called  Denbighshire  sandstone  and  flag  by  Mr.  Bowman  and 
Professor  Sedgwick,  a name  adopted  by  the  Smvey.  Over  these  are 
otiu?r  beds  of  shale  or  slate,  and  flag  or  sandstone.  Tlie  beds  which 
lie  next  above  the  pale  Tarannon  shales  conhiin  few  fossils,  but  those 
are  of  species  that  shew  them  to  belong  to  the  Wenlock  group  presently 
to  be  described. 

If  instead  of  follo\\dng  the  Llandovery  rocks  into  Montgomerj',  . 
Merioneth,  and  Denbigh  shires,  w'e  proceed  into  Shropshii'e,  we  find  in 
the  country  betw’-een  Church  Stretton  and  Wenlock  the  Upper  Llan- 
dovery beds  covered  by  a great  thickness  of  shale,  purple  near  the 


468 


UPPER  SILURIAN  PERIOD. 


bottom,  but  gray  in  the  upper  parts,  which  forms  the  lower  portion 
of  the  north-western  slope  of  a long  straight  ridge,  kno\vn  as  the  “ Wen- 
lock  Edge,”  from  the  little  town  of  Much  Wenlock,  which  lies  near  its 
north-east  termination.  This  Edge  is  capped  by  a band  of  limestone, 
100  or  200  feet  thick,  running  for  fifteen  miles  in  an  unbroken  line, 
and  (lipping  south-east  imder  other  soft  brown  shales  and  sandstones, 
which  make  a second  small,  gently  sloping,  ridge,  capj)ed  by  another 
limestone  band,  and  this  dips  beneath  a second  series  of  bro^m  sand- 
stones, mudstones,  and  shales,  which  gradually  pass  up  into  a series  of 
red  fiags  and  sandstones  (see  section,  fig.  110), 


N.W 


WFNLOCK 


CALLOW 

HILL 


s.z 


Fig.  no. 

' Section  across  Wenlock  Edge,  reduced  from  sheet  34  of  Horizontal  Sections,  Geological 

Survey.  Drawn  by  W.  T.  Aveline. 


Length  of  Section  about  four  miles. 

{.  Red  Sandstone,  supposed  base  of  Old  Re<l  Sandstone. 

. h.  Upper  Ludlow — Gray  and  brown  shale  and  sandstone  . 
Ludlow  rocks  J g.  Concretionary  limestone  (Ajmestry)  .... 

(/.  Lower  Ludlow — Gray  and  brown  calcareous  sandy  shale 

{e.  Gray  nodular  concretionary  limestone  (Wenlock  and 

Dudley  limestone) 

d.  Gray  and  brown  sandy  shale,  often  concretionary  (Wen- 
lock shale) 

a Limestone  (Woolhope  and  Barr) 

Llandovery  . . b.  Sandstone  and  conglomerate  (Llandovery). 

Lower  Silurian  a.  Bala  beds  or  Caradoc  Sandstone. 
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Ab  the  result  of  the  facts  observed  in  this  section  and  others  similar 
to  it,  such  as  that  in  the  Woolhope  Valley  in  Herefordshire,  and  other 
places,  together  with  those  in  N.  Wales,  we  get  the  following  as  the  typi- 
cal series  of  the  Upper  Silurian  rocks  : — 


Feet. 

9.  Tilestone 

1000 

( 8.  Upper  Ludlow  rock 

900 

Ludlow  group  7.  Aymestry  limestone 

150 

( 6.  Lower  Ludlow  rock 

900 

( 5.  Wenlock  limestone 

150 

Wenlock  group,  s 4.  Wenlock  shale 

1400 

( 3.  Woolhope  limestone 

50 

Llandovery  or  / 2.  Tarannon  shale 

600 

May  Hill  group.  ( 1.  Upper  Llandovery  rocks 

900 
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Llandovery  Group. — 1.  The  Upper  Llandovery  or  May  Hill  Sand- 
8to)\e  is  usually  a gray,  or  brown,  or  yellow  sandstone,  sometimes 
becoming  a conglomerate.  The  sandstones  are  sometimes  calcareous, 
passing  into  courses  of  sandy  limestone  in  some  places. 

The  following  is  a list  of  the  fossils  which  may  be  said  to  be  cha- 
racteristic of  this  group,  taken  from  Salter  and  Morris’s  catalogue  in  the 
last  edition  of  Siluria. 


Actinozoa. 


Cyathophyllum  angustum  . 

SIL  foss.,  pi.  39. 

Petraia  bina  (and  Woiloch)  . 

Sil.  foss.,  pi.  38. 

elongata  ..... 

Sil.  foss.,  pb  38. 

Brachiopoda. 

Atrypa  hemisphserica  .... 

Foss.  gr.  6,  a. 

Leptcena  scissa 

Lingula  crumena  .... 

SiL  foss.,  12. 

parallela  ..... 

Mem.  G.  S.  ii,  pt.  1.* 

Orthis  lata  ..... 

Sil.  foss.,  pi.  9. 

reverse  ..... 

Foss.  gr.  6,  c. 

Pentamerus  globosus  .... 

Sil.  foss.,  pi.  8. 

Foss.  gr.  6 d. 

oblongus  ..... 

Foss,  gr,  6 e. 

undtttus  ..... 

Sil.  foss.,  14. 

Rhynchonella  angustifrons  . 

Foss.  gr.  6,  h. 

neglecta  ..... 

SiL  foss.,  9. 

Strophomena  arenacea  (or  concentrica). 

compressa  .... 

SU.  foss.,  14. 

Conchifera. 

Avicula  buUata  .... 

M‘Coy,  Sil.  foss. 

Conocardiimi  priste  .... 

M‘Coy,  Sil.‘fo88. 

Ctenodonta  deltoidea  .... 

Mem.  G.  S.  ii.,  p. 

366. 

Eastnori  ..... 

Sil.  foss.,  pL  10. 

lingualis  ..... 

Mem.  G.  S.  ii.,  p. 

367. 

Lyrodesma  cimeatum  .... 

Mem.  G.  S.  ii.,  p. 

366. 

Pterinaja  subhevis  .... 

M‘Coy,  SiL  foss. 

Gasteropoda. 

Chiton  Griffithii  .... 

Foss.  gr.  6,/. 

Cj'cloneina  quadristriatum  . 

Mem.  G.  S.  ii.,  p. 

388. 

Euomphalufi  prcenuntius 

Ibid. 

HoUopella  plana  .... 

M‘Coy,  Sil.  foss. 

tenuicincta  .... 

M‘Coy,  PaL  foss. 

* Memoirs  of  the  Geological  Survey. 
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Macrocheilus  fusifomiis 
MurchUonia  augulata 
Pleurotomaria  fissicarina 
Raphistoma  lenticiilaris 
Trochonema  tricinctum 
Trochus  ? multitorquatus 
tritorquatus 


Sil.  fo88.,  pi.  10. 

Ibid. 

Mem.  G.  S.  iL,  p.  357. 
Sil.  f088.,  pi.  10. 
M‘Coy , Sil.  foss.,  p.  1 4. 
Ibid.j  p.  1 5. 

Ibid.^  p.  1 2. 


Fossil  Group  No.  6. 

Llandovery  Fossils. 

a.  Atrypa  hemispberica.  ’ e.  Pentamerus  oblongus. 

h.  Rh>'nchonella  angustifrons.  /.  Cliiton  GrifAUiii. 

c.  Orthis  reversa.  g.  Cyrtoceras  approximatom. 

d.  Pentamerus  lens. 


Ce})halopoda. 

Cyrtoceras  approximatum  . 

Lituites  undosus 
Orthoceras  Barrandii  . 

Tretoceras  bisiphonatnm 


. Foss.  gr.  6 g. 

. Sil.  foss.,  pi.  11. 

. Q.  J.  Geol.  S.,  viL,  p.  177. 
. SiL  foss.,  pL  1 1 . 


Echinodermata. 

Palieaster  coronella. 

Paltechinus  ? Phillipsice  . . . M.  G.  S.,  ii.,  p.  584. 

Pleurocystites  Rugeri. 
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Crustacea, 

Aculaapis  callipareos  . . . . Q.  .1.  G.  S.,  xiiL,  p.  308. 

Phacops  subloevis  ....  M‘Coy,  Sil.  foss.,  p.  6 1 . 

2.  The  Taranmn  shales  have  already  been  sufficiently  described  at 
page  467.  Although  a distinct  physical  group  of  some  importance  in 
Wales,  they  seem  to  be  confined  to  that  country.  Fossils  are  very  rare 
in  them,  and  it  cannot  therefore  be  stiid  vrith  certainty  whether  they 
belong  most  decidedly  to  the  Llandovery  group  or  to  the  Wenlock. 

Wenlock  Group. — 3.  Woolhope  or  Barr  Limestone. — A locally  oc- 
curring group  of  beds  of  gray,  argillaceous,  nodular,  concretionary  lime- 
stone, interstratified  with  gray  shales  occasionally  attaining  a thickness 
of  100  feet. 

It  forms  a ring  round  the  dome  of  Llandovery  siindstone  in  the 
Woolhope  valley,  and  is  well  seen  near  Presteign,  on  the  west  flanks  of 
the  Malveni  liills,  at  Great  Barr  in  Stafford.shire,  and  at  May  Hill. 

4.  Wenlock  Shale. — Generally  dark  gray,  sometimes  black  shale, 
with  occasional  calcareous  concretions  ; 1400  feet  thick. 

5.  The  Wenlock  Limestone  is  an  irregularly  occuning  set  of  con- 
cretionary limestones,  sometimes  thin  and  flaggy,  sometimes  massive 
bosses  of  highly  crystalline  carbonate  of  lime  ; sometimes  in  one,  some- 
times in  two  or  three  sets  of  beds  with  inteistratified  shales,  forming  a 
thickness  of  100  to  300  feet. 

These  beds  are  admirably  shewn  in  all  the  country  between 
Aymestry  and  Ludlow,  and  along  Wenlock  Eilge  to  Benthal  Edge  near 
Coalbrookdale,  as  well  as  at  the  places  just  mentioned  as  showing 
Woolhope  Limestone,  and  at  the  Castle  Hill  and  Wrens  Nest  near 
Dudley ; as  also  near  the  town  of  Walsall  in  Staffordshire,  and  in  the 
neighbourhood  of  Usk  in  Monmouthsliire. 

Characteristic  Fossils. — In  all  these  places  the  beds,  especially  the 
limestones,  abound  in  fossils,  of  which  the  following  list  is  a selection 
that  includes  the  most  abundant  and  characteristic  sjiecies.  Many  of 
the  species,  however,  which  abound  in  the  greatest  profusion  in  the 
Wenlock  rocks,  are  to  be  found,  though  rarely,  in  either  earlier  or 
later  formations,  or  in  both.  These,  then,  are  not  characteristic  in  the 
sense  of  being  peculiar  to  the  Wenlock  rocks,  but  as  being  more  abun- 
dant in  them  thtm  elsewhere.  Here,  too,  as  in  some  other  parts  of  the 
geological  series,  it  is  the  assemblage  of  fossils  that  becomes  characteris- 
tic ; any  one  or  two  of  these  species  may  be  found  in  some  other  groups, 
but  in  no  other  are  they  all  assembled  together  in  the  abundance 
in  which  they  occur  in  the  Wenlock  rocks. 

Spongidce. 

Stromatopora  stnatella  . . . Sil.  foss.  51. 
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Actinozoon, 

Acemilnria  ananas  .... 
Alveolites  repens  and  Labechei  . 
Favosites  Gothlandica 
Heliolitcs  Gravi. 

Ompbyma  turbinatum 
Petraia  bina  ..... 
Syringopora  bifurcata 
Stenopora  filrosa  {from  LlandtUo  to 
Ludlow)  ..... 

Polyzoa, 

Cellepora  favosa. 

Ceriopora  aflinis. 

Discopora  antiqua  .... 
Fenestrella  Lonsdalei  .... 

? Graptolithus  FlemingiL 
Ptilodictya  scalpellum 

Brachiopoda. 

Atrypa  reticularis  {Llandovery  to  Lvdlow) 
Discina  Forbesii  .... 
Obolus  transversus. 

Orthis  elegantula  {from  Bala  to  Ludlow) 
rustica. 

Pentamerus  galeatus  {and  Ludlow) 

Rctzia  Bail}’!  ..... 
Rhynchonella  navicula  {and  Lvdlow)  . 

WUsoui  {Llandovery  to  Ludlow)  . 

Siplionotreta  Anglica 
Spirifera  plicatella  {Llandovery  to  Lud- 
lo^v)  ...... 

Stropbomcna  depressa  {Bala  to  Ludlow) 
euglypba  {Llandovery  to  Ludlow) 

Comhifera. 

Cardiola  fibrosa  {and  Ludlow) 
Conocardium  (Pleurorhyncus)  equicosta- 
tuni  ...... 

Modiolopsis  antiqua  .... 

Mytilus  Chemungensis 
Pterinaea  retroflexa  {Llandovery  to  Ludr- 
low)  . .... 


Foss.  gr.  7,  a. 

Sil.  foss.  1 7. 

SiL  foss.  17. 

Foss.  gr.  7,  J. 

Sil.  foss.  5 2,' pi.  38. 
Sil.  foss.  19. 

SiL  foss.  17. 


SiL  foss.,  pL  41. 

Hid. 

Q.  J.G.  S.jViiL,  p.  390. 
Sil.  foss.  50. 


Foss.  gr.  7,  c. 
SiL  foss.  57. 

SiL  foss.,  pL  5. 

Sil.  foss.,  pL  21. 
Sil.  foss,  67. 

SiL  foss.,  pi.  22. 
Hid. 

SiL  foss.  57. 

Foss.  gr.  7,  /. 
Foss.  gr.  7,  d. 
Hid.f  7,  e. 


SiL  foss.,  pL  23. 

SO.  foss.  69. 

Ibid, 

Mem.  G.  S.  ii.,  p.  365. 
Foss.  gr.  9,  e. 
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Acroculia  haliotis 

Gasteropoda, 

• • • 

Chiton  Orayanus. 
Euomphalus  discors 

• « • 

funatus 

• • • 

nigosus 

« « • 

^lurchisonia  LJoydii  {p,nd  Ludlow) 


Sil.  foes.,  pL  24. 

Foss.  gr.  7,y. 
Sil.  foss.,  pi.  25. 
Ihid.y  24. 

Ibid, 


Fossil  Group  No.  7. 

Wenlock  Fossils. 

a.  Acervularia  ananas.  e.  Strophomcna  euglypha. 

h.  OmpbTma  turbinatiun.  /.  Spirifera  plicatolla. 

c.  Atrypa  reticularis.  g.  Euomphalus  dlscors. 

d.  Strophomena  depressa. 


* Ileteropoda  and  Pteropoda. 


Bellerophon  dilatatus  {and  Bala)  . 

Wenlockensis 

Oonularia  Sowerbyi  {and  Bala) 
Theca  anceps  . . . . 

X 2 


Foss,  gr,  8,  e. 

Sil.  foss.)  pi.  25. 

Ibid.  . 

Mem.  G.  S.  ii.,  p.  355. 


Digitized  by  Qoogie 


474 


UPPER  SILURIAN  PERIOD. 


Cephalopoda. 

Lituites  Biddulphii 

Orthoceras  aiinulatimi  {and  Bala)  . 

Maclareui 

ventricosum 


Sil.  fo8S.,  pi.  31. 
Foss.  gr.  8,/. 

Sil.  foss.  24. 

Q.  J.  Geol.  Soc.  ii. 


Fo.Hsil  Group  No.  8. 

Wenlock  Fo-snils. 

a.  Pseudncrinites  qundrifasciatus.  d.  Ph.icops  caudatus. 

b.  PerieciiocrinuH  inonilifomiia.  e.  Bellcropkon  dilatatua. 

c.  Calyineuc  Bluiuenbachii.  /.  Ortliocenia  aniiulatum. 


Echinodermata. 

Actinocrinus  pulcber  . 

Crotalocrimis  nigosus  . 

Cyatliocrinus  goniodactylus  . 
Echiuo-cncrinitcs  arniatus  . 
Eucalyptocrinus  deconis 
Marsupiocriiiiis  caelatus  . . . 


Pal.  foss.,  p.  1. 
Sil.  foss.  55. 
Ibid.y  pi.  14. 
Ibid.y  54. 
Jbid.^  pi,  14. 
Ibid.f  55. 
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Periechocrinus  moniliformis 

Foss.  gr.  8,  h. 

Pseudocrinites  quadrifasciatus 

Ibid.y  a. 

Taxocrinus  tessiiracontadactylus  . 

Sil.  foss.,  pi.  1 4. 

Annelida, 

Cornulites  serpularins 

Sib  foss,,  pi.  16. 

Serpulites  longissimus  (ftnd  Ludlow) 

Ibid. 

Tentaculites  ornatus  .... 

Ibid. 

Crustacea. 

Acidaspis  Barrandii  .... 

Sil.  foss.  64. 

Ampyx  parvuilus  .... 

Mem.  G.  S.,  p.  350. 

Beyrichia  Klecdeni  {from  Llandoikry  to 

Tilestom)  ..... 

Sil.  foss.  63. 

Calymene  Blumenbachii  (from  Bala  to 

9 

Ludlow)  ..... 

Foss.  gr.  8,  c. 

CyphaspLs  pyginseus  .... 

Dec.  G.  S.  7. 

Encriniuus  variolaris  .... 

Sil.  foss.  64. 

Homalonotus  delphinocephalus 

Ibid.,  16. 

Illamus  BarreiisLs  .... 

Dec.  G.  S.  ii. 

Lichas  Anglicus  . . ' . 

Sil.  foss.  63. 

Phacops  caiidatus  (Llandovery  to  Ludlow) 

Foss.  gr.  8,  d. 

Proetus  latifrons  .... 

Sil.  foss.  64. 

Sphserexochus  minis  (and  Bala)  . 

Ibid. 

Staurocephalus  Murchisoniae  (and  Bala) 

Ibid.,  10. 

Ludlow  Group. — 6.  The  Lower  IauHow  rock  of  Shropshire,  is  at 
its  base  not  unlike  the  Wenlock  shale — a dark  «indy  shale,  with 
spheroidal  calcareous  concretions,  becoming  more  sandy  and  flagg)' 
above,  generally  of  a pale  grayish  or  greenish  brown  colour.  It  is 
usually  soft,  and  easily  decomposing,  so  as  to  receive  the  local  name  of 
mudstone.  Tlie  shales  are  often  capped  by  bed.s  of  impure  fuller’s 
earth  (provincially  called  Walker’s  earth,  apparently  a corruption  of 
the  German  “ walkerde  ”),  which  support  the  Aymestry  limestone. 

7.  The  Aymestry  Limestone  is  a daik  gray  limestone,  rarely  so  thick 
or  so  pure  as  the  Wenlock  limestone  often  is.  In  South  Staffordshire 
the  workmen  call  the  Wenlock  “ the  white  limestone,”  and  the  Aymes- 
try “the  black  limestone.”  It  is  generally  evenly  bedded  and  flag- 
like, being  usually  earthy  or  argillaceous,  with  small  concretions.  It 
often  dies  away  into  a mere  band  of  ailcareous  nodules. 

8.  The  Ujyper  Ludlow  rock  greatly  resembles  the  lower,  being  a 
slightly  micaceous  sandy  shale  or  flag,  or  soft  argillaceous  sandstone 
(mudstone),  generally  thin  bedded,  of  bluish  gray  colour  wdthin, 
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weathering  externally  to  a rusty  brown  or  greenish  gray.  Large 
spheroidal  concretions  occur  in  it.  The  upper  part  of  these  beds 
passes  by  insensible  gradations  into  red  sandy  flags,  locally  called  tile 
stones. 

9.  The  Tilesione. — In  Shropshire  the  gradation  from  the  grayish  or 
greenish  Upper  Ludlow  rocks  into  the  overlying  red  beds  is  rather  a 
rapid  one.  There  occur,  just  near  the  junction,  one  or  two  little 
bands,  called  bone  beds,  consisting  of  the  agglutinated  fragments  of  fish 
and  Crustacea,  which  may  be  assigned  to  one  or  other  group.  The 
Downton  Castle  building  stone,  a light  coloured,  thin  bedded,  slightly 
micaceous  sandstone,  lies  above  these  bone  beds. 

In  South  Wales,  about  Llandovery  and  Llandeilo,  the  Upper 
Silui-ian  rocks  lose  all  their  distinctive  limestones,  and  can  only  be 
treated  as  one  group  of  Upper  Silurian,  distinct  from  the  Lower 
Silurian  below.  They  are  usually  vertical,  and  os  we  pass  across  their 
edges  we  find  the  upper  ImkIs  alternating  with  red  beds,  and  gradually 
passing  into  a mass  of  red  rocks  above — fossils  occurring  wherever  the 
beds  happen  not  to  be  red. 

On  the  banks  of  the  river  Sawdde,  near  Llangaddock,  is  a section 
which  I have  observed  myself,  and  which  has  been  described  by  Sir  H. 
Delabeche  in  tlie  Memoirs  of  the  Geological  Survey.  The  following  is 
an  abstract  of  its  upper  jxirt : — 

Feet. 

6.  Gray  micaceous,  laminated  sandstone,  fomliferom  390 
4.  Red  sandstones,  marls  and  conglomerates  . . 700 

3.  P^ir])lish  gray  micaceous  sandstones,  etc.,  fossil- 

iferous 370 

2.  Bond  of  red  conglomerate. 

1 . Gray  and  brown  sandstones,  flagstones,  and  shales 

often  very  fossiUferous  ....  2000 

Below  No.  1 we  come  down  into  Lower  Silurian  beds,  while  above 
No.  5 the  beds  are  all  red,  and,  so  far  as  is  known,  quite  imfossil iferous. 
The  fossils  in  all  the  beds  from  1 to  5 are  Upper  Silurian  fossils,  and 
the  top  of  the  gi-oup  5 is  taken  in  the  maps  of  the  Geological  Survey 
as  the  boundary  of  the  Upper  Silurian,  all  above  being  considered  to 
be  Old  Red  Sandstone. 

If  we  take  groups  2 to  5 as  Tilestones,  we  shall  get  a thickness  of 
nearly  1500  feet  for  that  sub-division.  (See  Mem.  G.  S.,  p.  23,  and 
sheet  41  of  the  Geol.  Sur.  Map.) 

Characteristic  Fossils. — The  following  is  a select  list  of  the  fossils 
most  characteristic  of  the  Ludlow  group : — 
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Actinozoa. 

Cyathaxonia  Siluriensia 

• 

M‘Coy,  Pal.  foss.,  p.  36. 

Polyzoa. 

Graptolithus  priodon  . 

• 

Foss.  gr.  9,  a. 

Brachiopoda. 

Discina  rugata  .... 

t 

Sil.  foss.,  pL  20. 

striata  .... 

• 

Ibid. 

Lingula  cornea  .... 

• 

SU.  foss.  22. 

lata  .... 

• 

Sil.  foss.,  pi.  20. 

striata  .... 

Ibid. 

Orthis  lunata  .... 

• 

Foss.  gr.  9,  A 

Peutamerus  Knightii  . 

• 

Ibid.^  c. 

Rhynchonella  nucula  {from  Llandovery 

to  Ludloio)  .... 

• 

Ibid.,  d. 

pentagona  .... 

• 

Sil.  foss.,  pi.  22. 

Conchifera, 

Avicula  Daubyi  .... 

Fo8S.gr.  9,/. 

Anodontopsis  (several  species) 

M‘Coy,  Sil.  foss.,  p.  23. 

Ctenodonta  Angliai 

Sil.  foss.,  pi.  23. 

Cuciillela  Cawdori 

Sil.  foss.,  pi.  34. 

Goniophora  cyniboeformis  . 

Ibid.,  pi.  23. 

Modiolopsis  complanata 

Ibid. 

Orthonota  (several  species  of  M‘Coy’s). 

Pteriuaea  retroflexa  {and  Wenlock) 

• 

Foss.  gr.  9,  e. 

Gasteropoda. 

Acroculia  euomphaloides 

« 

M^Coy,  SiL  foss.,  p.  290. 

Cyclonema  corallii 

» 

Foss.  gr.  10,  a. 

Euomphalus  carinatus 

• 

SiL  foss.,  pi.  24. 

Holopella  cancellata 

• 

Sil.  foss.  14. 

Loxonema  siuuosum  . 

• 

Sil.  foss.,  pi.  24. 

Murchisonia  articulata 

• 

Ibid. 

Natica  parva  .... 

• 

Ibid.,  25. 

Pleurotomaria  undata  , 

• 

Ibid.,  24. 

Heteropoda  and  Pterop>oda. 


Bellerophon  expausus 
Conularia  subtilis. 
Eccxxliomphalus  Isevia 
Theca  Forbesii  {and  Wenlock) 


. Foss.  gr.  10,  d. 

. Sil.  foss.,  pi.  25. 

. Q.  J.  QeoL  Soc.  ii.,  p.  3 1 4. 
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Cephalopoda. 


Ascoceras  Barrandii  . . 

Lituites  articulatua  . . . . 

Orthocerafl  buUatum  . . . . 

Phragmoceras  ventricosum  (and  other 
species)  . . . , . 


SiL  foss.  62. 

Sil.  foss.,  pi.  31. 
Foss.  gr.  10,  e. 


Fossil  Group  No.  9. 


Ludlow  fossils. 


a.  Graptolithus  priodou. 
h.  Orthis  lunata. 

c.  Pentamerus  Knightii. 


d.  Rbjuchonella  nuculo. 

e.  Pterinea  retroflexa. 

/.  Avicula  Danbyi. 


Echinodermala. 

Palceaster  Ruthveni  (and  other  species) 
Palssochoma  Colvini  (and  three  other 

species) 

Protaster  Miltoni  (and  other  species) 
Taxocrinua  Orbignyi 


SlL  foss.  56. 

Foss.  gr.  10,  c. 

Ihid.^  h. 

M‘Coy,  PaL  fo8S.,p.  53. 
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Annelida. 

Crossopodia  lata 
Serpulites  dispar 

Tentaculites  tenuis  .... 
Trachydernia  coriaceum  and  squamosum 


M‘Coy,  Pal.  foss.,  p.  1 30. 
Ibid.,  Ap.,  p.  1. 

Sil.  foss.,  pi.  16. 

Mem.  G.  S.  ii.,  p.  331. 


Fotutil  Group  No.  10. 
Ludlow  fossilB. 


u.  Cyclonema  curallii. 

b.  Frotostcr  Miltoni. 

c.  Pala'ochoma  Cohinl. 


d.  Bellcrophon  expannis. 
t.  Ortlioceras  bullatnin. 

/.  Pbragmoceras  ventricosum. 


CrustcLcea. 

Acidaspis  coronata  ....  Q.J.Geol.Soc.xiii.,p.210. 

Calymene  Blumenbachii  . . . Foss.  gr.  8,  c.  • 

Ceratiocaiis  Murchisonii  (and  four  other 

species)  .....  SiL  foss.,  pi.  19. 

Enciiiiurus  pimctatus  {from  Llandovery 

to  Ludlow)  .....  Sil.  foss.  1 4. 

Eurypterus  abbreviatus  (and  five  other 

species)  . . . . ; Q*  Geol.  Soc.,  vol.  xv. 
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Homalonotus  Knightii 

SlL  foss.,  pi.  1 9. 

Lichas  anglicus  {and  We)ilocl") 

Sil.  foss.  63. 

Phacops  caudatus,  Downingiae,  and  longi- 

camlatus  {and  WenlocL) 

Sil.  foss.,  pi.  17. 

Proetus  latifrous  {Llandovery  to  Ludlow). 

Sil.  foss.  64. 

Pterygotus  acuminatus 

SiL  foss.  25. 

problematicua  (and  several  other 

species)  ..... 

Dec.  G.  S.  10. 

Fish. 

Onchus  Murchlsonii  (and  other  species) 

Sil.  foss.,  pi.  34. 

Plectrodus  mirabilis  .... 

Ibid.f  35. 

pustuliferus  .... 

Tbid.j  35. 

Pteraspis  Banksii  .... 

Sil.  foss.  65. 

truncatus  ..... 

Ibid. 

Sphagodus  ..... 

SiL  foss.,  pi.  35. 

Characteristic  Fossils  of  the  TUestones. — ^The  following  are  the  fossila 
which  are  stated  in  Salter  and  Morris’s  list  to  have  been  found  in  what 
are  there  styled  “ passage  l^eds,”  which  Sir  Roderick  Murchison  refers 
to  the  thin  beds  above  the  Down  ton  Castle  stone  exhibiting  a j>assage 
from  tlie  Upper  Ludlow  to  the  Old  Red  Sandstone  (so  called) : — 

Brachiopoda, 

Lingula  cornea  ijram,  the  Ludlow)  . SiL  foss.  22,  pL  34. 

Gasteropoda, 

Platyschisma  helicites  {from  the  Ludlow)  Sil.  foes.  26,  pi.  34. 


Crustacea, 

Beyrichia  Klcedeni  {from  the  Llandovery) 
Eurj^)terus  acuminatus  {pecidiar) 

linearis  {from  the  Ludlow)  , 

megalops  {peculiar) 

I)ygmaeus  {from  the  Ludlow) 

Leperditia  marginata  {do) 

Pterygotus  anglicus  {peculiar) 

Ludensis  {do)  .... 

gijjas  1 {from  the  Ludlow) 


Sil.  foss.  63. 

Q.  J.  G.  S.,  XV. 
Ibid, 

Ibid, 

SiL  foss.  66. 

Sil.  foss.  21. 
De.  G.  S.  10. 
Ibid, 


Parka  decipiens,  eggs  of  Reiygotus  {peculiar). 


Fish, 


Auchenaspis  Salteri 
? (Cephalaspis)  omatus 


SiL  foss.  21: 
Ibid, 
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Ceplialaspis  Murchisonii  (and  another 
species)  ...... 

Onchus  Murchisonii  { from  the  Ludlow). 

? PlectrcMlus  iniralnlis  {do.)  . 

? Pteraspis  Banksii  {do) 


Sil.  foss.  22. 
Sil.  pi.  35. 
Ibid. 

Sil.  foss.  67. 


The  description  of  the  Upper  Silurian  rocks  just  given,  applies  to 
them  throughout  Shropshire  and  Staffordshire,  Ilerefordshire  and 
Worcestershire,  Monmouthshire  and  Gloucestershire.  U we  proceed 
from  that  district  into  either  North  Wales  or  South  Wales,  a great 
change  takes  place  in  them,  since  all  the  limestones  die  out  and 
disappear,  and  the  clays  and  shales  pass  into  hard  slates  and  flags, 
while  coarse  sjindstones  and  fine  hard  grits  make  their  appearance 
among  them. 

It  is  barely  possible  to  separate  the  Upj)er  Silurian  mto  two  groups 
— the  Ludlow  and  the  Wenlock — in  the  Clun  Forest  district,  and  thence 
through  Radnor  Forest  down  to  Llaiideilo  towanls  the  south,  or  in 
the  Long  Mountain  (between  the  Sti peptones  and  the  Breiddens)  on 
the  north.*  In  all  those  places  they  pass  conformably  and  gradually 
up  into  the  overlying  red  series  (Tilestones  or  I’as.sjvge  beds)  which 
have  hitherto  been  considered  the  base  of  the  Old  Red  Sandstone. 

Farther  north,  in  Denbighshire,  even  this  sej)aration  has  been  foimd 
impracticable.  The  Upper  Silurian  consists  of  the  Tarannon  shales, 
probably  representing  the  Llandovery  beds,  and  the  Denbighshire  sand- 
stones, which  represent  the  lower  part  of  the  Wenlock  shale,  and  pass 
up  into  a great  .series  of  dark  flags  and  .slates,  which  represent  the 
upper  ])art  of  the  Wenlock  group,  and  possibly  more  or  less  of  the 
Ludlow  series.  These  beds  are  very  highly  inclined  and  greatly 


* In  sheet  30  of  the  Horizontal  Sections  of  the  Geolopical  Survey,  which  crosses 
Clun  Forest,  we  have  the  following  series  described  by  Mr.  Avelino : — 

Feet. 

Supposed  Old  ( Red  marl  and  fissile  gray  micaceous  sandstone  (used  for  tiles)  with 

Red  Sandstone.  \ thicker  beds  of  light  coloured  sandstone 1500 

Ludlow  Grout*  ■(  brown  shale.s,  and  dark  brown  sandstone,  upper  beds 

I verj’  fossil! ferous,  lower  quarried  for  ilagstonc  ....  6000 

/ Grayish  brown  and  blue  sandy  argillaceous  shale,  passing  down  into 
thick,  gray,  gritty  sandstones  with  bands  of  dark  slate  (Denbigh- 

V shire  sandstones) 6000 

In  sheet  4,  which  runs  over  Mynnydd  bwlch-y  gnies,  near  Llandovery,  the  section  crosses 
the  edges  of  the  follow'ing  be<l8,  all  vertical : — 

Red  beds  of  supt>08e<l  Old  Red  Sandstone.  Feet. 

Tilestones. — Laminated,  gray,  micaceous  sandstone,  fossiliferons  ....  800 

Ludlow  and  j Sandstones,  thick  alM)ve,  thinner  below,  having  graj'  shales  and  calca- 
Wenlock.  1 reous  bands  interstratitied,  with  moat  shales  near  the  base  . 5500 

_ . ( Pale  blue,  green,  and  brown  shales  (Tarannon)  ....  600 

n o\  ory.  of  coarse  sandstone,  with  layers  of  Pentameri  . . 300 


Wenlock 

Group. 
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ileniuled,  and  small  patches  of  Old  Red  Sandstone  lie  here  and  there, 
nearly  horizontally,  across  tlieir  often  vertical  edges,  tlie  Silurians 
striking  east  and  west,  while  the  Old  Red  ranges  from  south  to  north. 

These  Uenhighshire  flags  contain  an  abundance  of  large  Tlieca,  or 
other  Pteropodous  shells  (called  at  one  time  Creseis,  by  E.  Forl)cs, 
(jCoI.  Jour.,  vol.  i.,  p.  146,  and  ii.,  p.  314),  as  well  as  groups  ofCrinoids 
in  some  places,  and  other  fossils  (Cardiola  internipta,  etc.),  which  prtjve 
their  Upix;r  Silurian  character  indejxuidently  of  their  lying  above  the 
Rala  beds  of  the  Berwyns,  and  Cyrn  y Brain,  and  those  of  Merioneth 
and  Caenian-on. — (See  Maps,  sheets  71  and  74,  and  sections,  sheets 
38  and  39,  of  the  Geological  Survey.) 

Cumberland y etc. — According  to  Professor  Sedg\vick  the  follo^\^ng 
are  the  t)"pical  groups  of  rocks  deposited  during  the  Upper  Silui’ian 
period  in  the  north  of  England  : — 

3.  Kendal  group  = Ludlow  rocks. 

2.  Ireleth  slates  = Wenlock  rocks. 

1.  Couiston  grits  = May  Hill  sandstone. 

1.  Tlie  Coniston  grits  have  few  fossils,  and  their  identity  with  the 
May  Hill  siindstone  is  therefore  doubtful,  although  ver)"  probable. 

2.  Tlie  Ireleth  .slate  gi'oup  is  divided  into  four  stages  : — a,  Lower 
Ireleth  slate  ; by  Ireleth  limestone  ; Cy  Upper  Ireleth  slate  ; ^/,  Coarse 
slate  and  grit.  Fossils  are  rare,  but  generally  of  the  AVenlock  ty^ie. 

3.  The  Kendal  group  is  ^livided  into  three  stages  : a,  A great  group 
of  flags  and  grits ; fo.'^sils  abundant  and  of  the  Lower  Ludlow  tj'pe.  by 
Thick  grit  and  flagstone,  with  bands  of  coarse  slate  ; fossils  locally 
abundant,  and  of  Ui)]ier  Ludlow  tv’pe  ; c,  Tilestones,  resembluig  those 
of  Shropshire,  etc. — (Sedgwick,  Synopsis  of  ClassifcatioHy  etc) 

Four  species  of  star-lish  have  been  found  by  Professor  Sedgwick  in 
the  Kendal  group  (stage  b)y  of  which  Uraster  primsevus  is  the  most 
abundant,  and  Protaster  Sedg\vickii  the  most  interesting,  as  being  the 
only  known  fossil  representative  of  the  Eiuyalidm  (Mem.  Geol.  Soc., 
Dec.  1). 

Scotland. — Representatives  of  tlie  Llandovery  rocks  ai>pear  to  occur 
near  the  coast  of  the  southern  part  of  Ayrshire,  bi  Saugh  Hill,  south  of 
Girvan  {Siluriay  3d  edition,  chap,  viii.),  resting  on  the  Lower  Silurian 
rocks  of  the  northern  flank  of  the  boixler  Highlands,  while  rocks,  be- 
lieved to  be  of  Wenlock  age,  repose  on  their  southern  flank  in  the  head- 
lands of  Kirkcudbright  Bay. 

The  Pentland  Hills  are  also  supposed  by  Sir  R.  I.  Murchison  (i7>.) 
to  contain  rocks  of  Wenlock  age ; and  to  the  west-sfiuth-west  of  them, 
near  Lesiiiahago,  five  miles  south-west  of  the  town  of  Lanark,  are 
groups  answering  to  the  Ludlow  and  Tilestone  (or  pas.sage)  beds,  pre- 
viously spoken  o£ — {Silurkty  chap,  viii.,  p.  1 7 5.) 
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Here  there  has  been  exposed  by  denudation  of  tli,e  Lower  Old 
Red  Sandstone  (so-called),  a considerable  thickness  of  green,  gray,  and 
dark  shales  and  flags,  passing  up  ([uite  conformably  and  by  insensible 
gradations  into  several  thousand  feet  of  rt*d  shales,  sandstones,  and  con- 
glomerates. That  the  Silmhui  beds  are  the  representative  of  the  Lud- 
low group,  is  proved  by  the  fossils  found  by  Mr.  Sliniori,  of  Lesinahago, 
consisting  of  large  Pterj'goti,  Ceratiocari'^,  Lingula  cornea,  and  other 
fossils,  such  as  occur  in  the  Ludlow  and  Tilestone  beds  of  Hereford  and 
Siilop.  Some  of  the  Pterygoti  are  believed  to  have  exceeded  six  feet 
in  length. 

Ireland. — Representatives  of  the  Llandovery  beds  are  to  be  found 
largtdy  in  (ralway,  about  Maam,  and  the  south-west  end  of  Lough  Mask, 
some  of  the  upper  beds  being  probably  of  Wenlock  age.  'J’liis  is  the 
case  with  the  beds  of  Ughool,  near  Bitllaghadereen,  and  possibly  with 
tlioso  of  Lisbellaw,  south  of  Enniskillen.  In  all  these  ]dace.s  gi*eat  con- 
glomerate.s  abound,  containing  rounded  blocks  of  syenite  of  one  or  two 
feet  in  diameter. 

Beds,  probably  of  Llandovery  ago,  are  to  be  found  also  in  the 
Cratloe  Hills  of  Limerick,  on  the  west  flank  of  Cahirconree  in  Kerry, 
and  probably  also  in  the  Anascaul  Valley,  on  the  south  side  of  the 
Dingle  Promontory. 

At  the  extremity  of  tliat  promontor}^  between  Ferriters  Cove  and 
Dumiuin,  and  thence  to  Smerwick  Hm-bour,  certain  beds  occur  which 
appeal’  to  repre.sent  both  the  Wenlock  and  Ludlow  groups,  since 
crowds  of  fossils,  characteristic  of  thostj  bed.s,  an^  to  bti  found  there.  A 
certain  line  has  been  drawn  bv  Mr.  Du  Nover,  beneath  which  Wenlock 
species  abound,  while  above  it  are  many  Ludlow  species,  including,  in 
some  ])laces,  many  .specimens  of  Pentimierus  Knightii,  the  species  being 
identified  by  Mr.  Salter  on  tlie  gi-ound. 

These  beds  are,  however,  gi’catly  disturl)ed  and  confused,  and  bent 
into  violent  contortion.^,  if  not  inverteil.  Certain  beds?  of  pur])le,  and 
green,  and  yellow  sandstones,  etc.,  lie  apparently  beneath  the  Wenlock 
beds,  and  graduate  up  into  them,  peculiar  conglomcraWs  occurring  both 
in  the  foasiliferous  beds  and  in  the  beds  below  them.  These  are  allied 
by  the  Geologiavl  Sun^ey  l.»y  the  provi.sional  name  of  the  SmenWek  beds. 

Over  the  Ludlow  beds,  again,  there  sets  in  a vast  thickness  of  green 
and  purj)lish  giib«,  interstrati  tied  with  red  shales,  and  having  in  the  upper 
beds  2)urple  conglomerates,  with  jx;bbles  containing  Lhindovery  fos.sils. 
Tliese  we  call  the  Dingle  beds.  They  apjiear  to  occui)y  the  same  posi- 
tion as  the  ml  beds  above'  the  Ludlow  rocks  in  Shro])shire  and  Here- 
fordshire, in  S^nith  Wales,  and  in  Scotland,  but  no  fossils  have  yet  been 
found  in  them  in  Ireland.  They  will  be  mentioned  again  in  the  next 
chapter. 

Bohemia. — ^The  rocks  deposited  during  the  Upj)er  Silurian  Period 
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in  what  is  nqjv^  Bohemia,  are  divided  by  M.  Barrande  into — Stage  E, 
Calcaire  inferieur.  Stage  F,  Calcaire  moyen.  Stage  G,  Calcaire 
superieur.  Stage  H,  Schists  ciilminans. 

Scandinavia. — IkL  Angelin  similarly  divides  the  Upper  Silurian 
rocks  of  this  district  into  his  Regio  D E,  Harparum,  shales  and  white 
limestones,  and  Regio  E,  Crj’ptonomorum,  limestones  resting  on  sand- 
stones and  shales. 

Of  these,  Stage  E of  Barrande  and  Regio  E of  M.  Angelin  certainly 
equal  very  nearly  the  Wenlock  rocks  of  Sir  R.  I.  Murchison,  there  being 
18  species  of  Bracliiopods,  besides  corals  and  other  fossils,  common  to 
this  group  of  rocks  in  the  three  countries.  Sir  R.  I.  Murchison  gave, 
in  1847,  a list  of  74  species  found  in  the  rocks  of  Gothland  (Regio  E), 
47  of  which  occur  in  Britain,  13  in  Ludlow  rocks,  and  14  in  the  Wen- 
lock,  the  20  others  being  foimd  in  both.  The  Regio  D E,  of  M. 
Angelin,  is  not  represented  in  Bohemia,  It  may  possibly  be  equal  to 
the  Llandovery  or  May  Hill  sandstone.  Tlie  stages  F,  G,  H,  of  Bar- 
rande are  not  recognisable  in  Scandina^^a.  There  are  167  species  of 
trilobites  in  the  L^pper  Silurians  of  Bohemia,  and  99  in  those  of  Scan- 
dinavia, with  only  one  species,  the  Calymene  Blumenbachii,  common  to 
the  two  countries.  The  total  tliickness  of  the  Upper  and  Lower 
Silurian  and  Cambrian  rocks  of  Bohemia  is  between  30,000  and 
40,000  feet ; that  of  the  same  rocks  in  Scandinavia  is  not  more  than 
1000  or  1200  feet-  Of  the  total  number  of  fossil  species  found  in  the 
two  countries  (which  is  from  2000  to  2500),  not  more  tlian  one  per 
cent  are  common  to  the  two  coimtries,  except  in  the  Brachiopods,  in 
which  the  number  may  perhaps  rise  to  five  j>er  cent. — (See  ^L  Bar- 
rande’s  very  interesting  ParalUle  entre  les  depSts  Siluriens  de  Boheme 
et  de  Scandinavie,  Prague,  1856.)  M.  Angelin  says  that  in  Scandinavia 
there  is  not  one  species  coimnon  to  any  two  of  his  seven  Regiones ; but 
this  may  perhaps  arise  from  his  over  minute  distinctions  in  the  species 
of  Mollusca,  etc.  M.  Rarrande  has,  liowever,  only  a few  species  com- 
mon to  any  two  of  his  six  stages.  If,  on  the  other  hand,  we  look  at 
the  number  of  genera  of  trilobites  in  Saindinaria  and  Bohemia,  we  find 
39  in  Bohemia  and  45  in  ScandinaAna,  of  which  30  are  common  to  the 
two  countries,  those  30  being  the  most  important  and  w'ell-established 
genera,  containing  the  greatest  niunber  of  species  and  indi\dduals. 

North  America. — The  rocks  of  this  region  of  the  age  of  the  Upper 
Silurian  period,  are — 

Feet. 


Lower 

Heldeubero 

Group. 


10.  Upper  Pentamenis  limestone 
9.  Encrmal  limestone 
8.  Delthyria  shaly  limestone 
7.  Lower  Pentamems  limestone 
6.  Tentaculite  limestone  . 


y 300 
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Onondaga 
AND  Niagara -( 
Group. 


Clinton 

Group. 


Medina 

Group. 


5. 


4. 


Feet. 


Onondaga  salt  group,  a gray  aali-coloured 
shale,  with  gj'psum  and  rock-salt 
Niagara  limestone,  compact  gray  lime- 
stone, resting  on  hlue  calcareous 
shale  ..... 


V 1000 


3. 


Cdinton  rocks. 

c.  Variegated  i-ed  marls  and  calcareous 
.shales  .... 
b.  Shales  and  argillaceous  limestone 
and  calcareous  sandstone 
a.  Greenish  and  yellowi.sh  slates  \\dth 
ferruginous  sandstone 


>2400 


1. 


Medina  .sandstone. 
b.  White  fine-grained  sandstone,  alter- 
nating with  red  and  greeni.sh  shale 
at  top  .... 
a.  Soft  bro^^'n  argillaceous  sandstone, 
and  red  shale  .... 

Gray  sandstone  wdth  thick  beds  of  sili- 
ceous conglomerate  (Oneida),  containing 
fragments  of  the  lower  rocks 


450 

600 

400 


According  to  Professor  Rogers  (Johnston’s  Phy.sical  Atlas,  2d  edition), 
not  only  does  the  Medina  group  contain  a conglomerate  (Oneida)  made 
of  ]>ebbles  of  the  lower  rock,  but  it  and  the  whole  Upix*r  Silurian  rocks 
are  distinctly  unconfonnable  to  the  Lower,  as  they  are  in  Wales  and 
other  parts  of  the  world. 

C/iaracteristic  Fossils. — Tlie  Clinton  group  contiins  Pentamerus  ob- 
longus  and  Icevis ; and  together  with  the  Medina  group  is  probably  the 
representative  of  the  Llandovery  rocks  or  May  Hill  sand.stone.  The 
Niagara  limestone  contains  Calymene  Bhunenbachii ; Homalonotus  del- 
phinocephalus  ; Rhynchonella  Wil.soni  and  cuneata  ; Orthis  elegantula  : 
Pentamerus  galaitus  ; Orthoceras  annulatum  ; Favosites  gothlaudica, 
etc.  ; and  is  therefore  of  nearly  the  same  age  as  the  Wenlock  series. — 
ILyelVs  Manual.) 

Professor  Ramsay,  in  his  table  {Siluria,  p.  472),  looks  upon  the 
Lower  Helderberg  group  as  ecjuivalent  to  the  Lower  Ludlow,  and  says 
that  one  of  the  Pentameri  (P.  occidentalis)  is  like  P.  Knightii,  but 
smaller.  Euryptenis  also  occurs  in  the  upper  bed.s. 

It  does  not  appear  tliat  there  is  any  exact  equivalent  of  the  Upper 
Ludlow  rocks,  and  there  appears  to  be  a break  between  the  top  of  the 
Lower  Helderberg  group  and  the  next  formation,  as  the  Oriskany 
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Baudstone  rests  in  denuded  hollows  of  it. — (See  also  Dr.  Bigsby’s  paper 
before  mentioned.) 

In  the  Geological  Rei>orts  of  Canada  for  the  year  1856,  Mr.  Richard- 
son describes  the  structure  of  the  Island  of  Anticosti,  and  Mr.  Billings 
the  fossils  collected.  From  these  descri])tions  it  np])ears  that  there  is 
a series  of  beds  resting  quite  unconfomiaV)ly  on  the  Laurentian  gneiss, 
and  dij^ping  at  a very  gentle  angle  across  the  island  from  north  lo  south. 
Tills  series  is  4500  feet  thick,  consisting  of  several  great  groups  of 
limestones,  intei-stratified  with  shales  and  slates.  It  is  divided  into  six 
groups,  the  lower  three  of  which,  with  a thickness  of  about  1300  feet, 
answ’er  to  the  Low’er  Silurian  Black  River  and  Hudson  groups.  But 
there  then  come  in,  in  the  upper  three  groups,  abundance  of  Pcntameri 
(P.  lens  among  them),  and  other  fo.'jsils  answering  to  those  of  the  Medina 
and  Clinton  groups,  so  that  there  is  believed  to  be  a regular  gradation 
here  from  the  Low'er  Silmian  into  the  Upper  Silurian  formations. 

As  all  geological  boundaiies  arc  based  upon  the  absence  of  beds, 
which  may  elsewhert;  exist,  we  must  always  expect  to  find  our  arbi- 
trary boiuidiU'ies  becoming  evanescent  with  advancing  knowledge. 

Life  of  the  Period. 

In  the  discmssion  of  the  forms  of  life  existing  during  the  two  pre- 
ceding peiiods,  we  seemed,  and  jierlmiis  only  seemed,  to  be  treating  of 
the  very  commencement  of  life  uixm  the  globe.  The  only  question  of 
the  kind  still  to  be  asked  is  as  to  the  commencement  of  vertebmte  life. 
During  the  latter  jiart  of  the  present  jieriod,  however,  we  know  that 
fish  existed,  and  that  therefore  all  the  five  sub-kingdoms  into  which 
animal  life  is  now  divisible,  the  Protozoa,  the  Cocleiiterata,  the  Mollusca, 
the  Annulosa,  and  the  Vertebrata,  wei*e  in  existence,  and  have  remained 
so  ever  since  this  third  known  period  of  the  world’s  histoiy. 

If  we  examine  the  list  of  fossils,  dmwii  up  by  Salter  and  Morris  for 
the  3d  edition  of  Sir  R.  I.  Murchison’s  Siluria,  and  if,  as  is  there  done, 
w'e  club  together  the  Lower  and  Upper  Lhuidovery  rocks  into  one 
gioiip,  we  find  that  out  of  947  sepiuxite  .sjiecies,  there  are  twenty-one 
which  are  common  to  the  Lower  Silurian  groups  and  the  Llandovery 
rocks,  but  are  not  found  in  any  higher  beds.  Of  these  one  only,  viz., 
Orthis  Actonia?,  jiroceeds  from  the  Llondeilo  grouj),  the  rest  being  all 
Biila  species. 

If  we  omit  the  Llandovery  rocks,  w'c  find  fil'ty-one  other  species,  or 
about  5^  })er  cent  of  the  wdiole  series  of  fossils,  which  are  found  both 
in  be<ls  below  and  beds  above  the  liiuidovery  rocks.  Thm:  of  these, 
namely,  Stenopora  fibrosa,  Orthis  elegantula,  and  Cucullela  anglica,  are 
said  to  range  from  Llandeilo  into  Ludlow  ix)cks,  and  thix^e  frc>m 
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Llandcilo  to  Wenlock,  namely,  Halysites  catemilarius,  and  Orthis 
bifomta  and  calligranima.  Of  tlie  other  forty-five,  fifteen  range  from 
Bala  to  Ludlow  rocks,  and  thirty  from  Bjila  to  Wenlock  only.  How- 
ever subsequent  discoveries  may  alter  the  absolute  numbers  here 
given,  it  is  probable  that  their  proportions  will  remain  much  the  same. 

The  few  species  which  range<l  from  the  Llandeilo  Hags  into  the 
Wenlock  or  Ludlow  groups,  resembled  the  few  which,  having  lived  at 
an  early  tertiary  periotl,  still  sur\'ive  among  ourselves  after  the  gradual 
extinction  of  such  multitudes  of  their  contemporaries.  They  belong, 
moreover,  to  comparatively  low  orders  of  lile,  which  are  apt  to  be  of 
much  longer  existence  than  the  higher  clas.ses. 

Only  five  trilobites,  namely,  Acidaspis  Brightii,  Cal^Tiiene  Blumen- 
bachii,  Cheininis  bimucronatus,  Cyphaspis  megalops,  and  Lichas  Grayii, 
extend  from  the  Bala  beds  into  the  Wenlock  or  Ludlow  rocks. 

Of  the  Grai)tolites,  which  seem  not  to  have  come  into  existence  till 
after  the  deposition  of  the  Lingula  flags,  and  the  extinction  of 
Barrande’s  so-calleil  Primonlial  fauna,  all  those  which  may  be  calle<l 
double  and  twin  Graptolites  died  out  at  the  close  of  tlie  Lower  Silurian 
I>erio<l  ; and  of  the  single  GmjitoUtes,  one  only,  Graptolithus  priodon 
(cjilledby  some  Graptolithus  Ludensis),  survived  from  the  time  when  the 
Bala  beds  were  deposited,  to  that  when  the  Ludlow  rocks  were  formc<l. 
One  other  species  of  Graptolite,  called  Gmptolithus  Flemingii,  luis  also 
l>een  found  in  the  Kirkcudbright  beds,  which  are  believed  to  be  of  the 
<ige  of  the  Weidock  shale. 

No  other  Graptolites  have  been  found  in  Upper  Silurian  rocks  in 
the  British  islands,  nor  in  any  newer  rock  in  any  part  of  the  world. 

yew  Oenera. — The  following  generic  forms  first  (so  far  as  is  yet 
knouni)  came  into  existence  within  the  British  area  during  this  period, 
those  until  an  asterisk  not  surviving  it : — 

Actimzoay  Acennilario,  Alveolites,  * Aulacophyllum,  Chastetes,  *Clado- 
cora,  Chonophyllum,  Clisiophyllum,  *Cccnites,  Cyatlnuxonia, 
Cyathophyllum,  Cystiphylhmi,  Fistulipora,  * Goniophyllum,  * La- 
bechia,  Lonsdaleia,  * Palajocyclus,  Ptychophyllum,  * Tliecia, 
Zaphrentis. 

Pohjzoa^  Cellepora,  Ceriopora,  Discopora,  ?Escharina,  Fenestrella,  Glauco- 
nome,  ? Heteropora,  * Nidulites,  Polypora,  \ Retciwra,  * Retiolites. 
Brachiopoda^  Ath3rris,  Chonetes,  Pentamerus,  * Porambonites,  Retzia, 
\ Terebratula. 

Cotvehiferay  Anodontopsis,  Avicula,  * Clidophorus,  Dolabra,  Goniophora, 
* Grammysia. 

OasieropodUf  * Acroculia,  Chiton,  Loxonema,  Natica,  Platyschisma, 

? Trochus,  Turbo. 

Cephalopoda^  *Ascoceras,  * Nothoceras,  * Phragmoceras,  * Tretoceras. 
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EchinoJermatay  Actinocrinus,  *A]>iocy8tite8,  * Clieirocrimis,  * Crotalo- 
crinus,  Cyatliocriiius,  * Diiuerocriuus,  *Ecbinoeucrmites,  *Enallo- 
crinus,  *^Eucalyptocriuus,  *lchthyocrmus,  *Ischadites,  *Lepidaster, 

* Macro-stylocrinus,  * Mai-supiocrimis,  Paloecliiniis,  * Palaeocoma, 

* Pula'odiscus,  * Pabisterina,  * Periecliocriniw,  * Pisocrinu-s,  Platy- 
criniis,  Pleurocystitea,  * Prunocystites,  * Pseud ocrini ten,  ♦ Rhojmlo- 
conia,  Taxocrinus,  • Tetragoiiis,  * Tetrainerocrinus. 

A nneliday  * Comulites,  Spirorbis. 

Crustacea,  * Ceratiocaris,  * Deiplion,  Eurj'ptenis,  * Proetus,  Pterygotus, 
Parka  (eggs  of  Pt.) 

Fish,  Auchenaspis,  Cei^lialaspis,  Onclius,  *Plectrodus,  Pteraspis,  Spha- 
godus. 

In  this  list  we  may  remark  a considerable  addition  to  the  genera  of 
Corals,  while  the  new  genera  of  Brachiopods  are  few'  ; one  shell  being 
referred  to  Terebratula,  to  wdiich  many  living  Brachio])ods  l>elong. 
Some  new  genera  of  ordinary  bivalves  apjKiar,  among  whieh  Avicula 
still  survives.  Of  the  Gasteropods,  the  genus  Chiton  now  began  to 
exist,  and  has  been  represented  by  a few  successive  species  down  to  our 
own  day,  when  they  are  very  nimierous.  Shells,  scarcely  to  be  dis- 
tinguished from  the  existing  genera  Turbo  and  Trochus,  but  which 
may,  perhaps,  have  been  oceanic  like  lanthina,  also  existed. 

Some  peculiar  modifications  of  the  stmnge  Oilhoceras  family  iUso 
made  their  appearance  during  this  period,  and  became  extinct  probably 
at  its  close. 

Among  the  Echinodermata  we  have  numerous  peculiar  genera  of 
Crinoidea  (or  sea-lilies)  and  some  others  that  w'ere  still  more  developed 
during  the  Carboniferous  period.  The  remarkable  extinct  family  of 
Cystidea  also  shew'cd  several  peculiar  genera,  and  then  the  wdiole 
family  died  out.  Sevenrl  kinds  of  star-fish  have  been  found  beautifully 
preserved  in  some  of  the  rocks  of  the  period,  and  are  only  to  lx*  dis- 
tinguished from  existing  star-fishes  by  Echinodermatists,  who  study  the 
arrangement  of  the  little  plates  and  other  minuter  characters  of  the 
class. 

In  the  Cnistacenn  class  w'e  find  the  Phyllopod(or  shrimj>-like)  Ceratio- 
caris,  continuing  the  order  which  commenced  wdth  Hymenocaris  in  the 
Lingula  flags  ; but  tw'o  new'  genera  of  Trilobites  a]>pear  w'hUe  the  larger 
and  more  lobster-like  Eur\-]>teridai  shew  two  genera,  Euryptems  and 
Pterygotus,  which  become  huger  and  more  numerous  in  the  next  period. 

llie  Fish  of  the  genus  Ptera.spis  and  its  allies  w'ere  probably  Gimoid 
fish,  or  covered  with  enamelled  bony  scales,  like  the  bony  pike  (Esox 
osseus)  of  the  North  Ameiican  lakes  ; while  Onchus  or  Sj)hagodus  seem 
to  have  had  a sharfreen  covering  like  that  of  the  sharks  of  our  times. 

Palaeozoic  Corals. — It  may  be  well,  perhaps,  to  seize  this  oppor- 
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tunity  of  the  first  apjK*arance  of  large  corals  to  say  a few  words  on 
Palaeozoic  corals  in  general,  taking  as  a guide  Pmfessor  Greene’s  lately 
published  Manual  of  the  Coclenterata.  He  divides  the  sub-kingdom 
Coeleuterata  into  two  chisscs — Hydrozoa  and  Actinozoa.  The  Hydrozoa 
include  the  Hydra  or  fresh- water  polyps,  the  Sertularidao,  the  Vellelte, 
the  Medusae,  and  others,  mastly  soft-lxslied  animals,  incai^ble  of  pre- 
servation as  fossils,  except  those  which,  like  Sertularia  and  Campanula, 
etc.,  are  often  called  “ sea-weeds.” 

The  Actinozoa  are  either  soft  or  coral-fonning,  and  are  divided 
into  four  orders — 1,  Zoantharia  ; 2,  Alcyonaria  ; 3,  Rugosa  ; 4, 
C.^mophora. 

To  Zoantharia  belong  the  soft  Actiniae,  and  almost  all  living  C<jrals. 

To  Alcyonaria  belong  the  Alcyonium  or  Deadman’s  fingers,  the 
Tubipores  or  oi^^jin-pipe  corals,  the  Pennatnlae  or  sea-j)ens,  and  the 
Gorgonias  or  sea-fans,  to  which  Corallum  (giving  the  red  coral)  belongs. 

The  Rugosa  are  an  entirely  extinct  order,  being,  with  one  exception, 
confined  to  Palaeozoic  rocks,  and  are  only  known  by  their  corals. 

The  Ctenophora  have  no  hanl  parts  ; they  include  many  beautiful 
Oceanic  creature.s,  such  as  Beroe,  \'’enus’a  girdle,  etc.,  and  are  often  bril- 
liantly phosphorescent.  Tliey,  of  course,  are  not  kno\ni  as  fossils. 

The  external  tentacles  and  internal  mesenteries,  or  walls  of  the  bocly 
compartments,  of  the  Zoantharia,  are  either  five  or  six,  or  multiples  of 
five  or  six,  and  the  vertical  jdates  or  septa  of  the  internal  ca\rities  of  the 
corals  of  those  Zoantharia  which  secrete  corals,  follow  the  same 
numerical  law. 

In  the  Rugosa,  however,  these  internal  plat&s  or  septa  are  either  four 
or  multiples  of  four,  and  tliey  are  therefore  separated  as  a distinct  onler 
from  the  other  coral-fonning  Actinozoa,  since  in  the  numerical  law  of 
division  of  their  parts,  they  agree  . \s*ith  the  Alcyonaria,  which  have 
always  eight  tentacles,  and  the  internal  chambere  of  which  are  always 
some  multij)le  of  four. 

^ - The  order  2Joantliaria  is  divided  into  three  sub-orders,  the  first  of 
which  has  no  chiral,  the  Actinia  or  sea  anemone  being  an  example 
of  it.  The  second  has  a meni  internal  basis,  horny  or  stony  or  both, 
on  which  the  soft  body  is  extended,  as  in  the  Oorallmn  or  Red  Coral, 
and  Gorgonia  and  Isis.  Tlie  third  includes  the  true  Corals,  or  those  that 
have  a calcareous  skeleton  forme<l  within  the  body  of  the  animal,  and 
these  are  again  subdivideil  into  groups  according  to  the  structiue  of  the 
corals. 

One  of  these  groups  is  called  Tabulata,  because  the  cavities  of  the 
corals  are  divided  by  horizontal  tabulcs, — the  vertical  septa  being 
rudimentary.  This  group  is  the  one.  most  allied  to  the  distinct  order 
Rugosa,  in  which  the  cavities  have  also  horizontid  tabulao  very  con- 
spicuous, together  with  equally  conspicuous  vertical  septa.  Tlie  tabulate 
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Zoantharia,  however,  have  their  septa  multiples  of  six,  and  not  of  four 
like  the  Ru'j'o.si,  Tlic  extinct  genera  Favosites,  Halysites,  and  Miche- 
linia,  are  examples  of  Zoanthaiia  Tabulata,  of  which  some  other  genera 
have  always  existed  durmg  all  geological  ])eriods,  and  four  are  found  in 
the  j)re-seiit  seas. 

Another  group  of  Zoantliaria  is  called  Perforata,  on  accoimt  of  the 
body  of  the  corals  being  porous.  They  have  no  horizontal  tabulae. 
The  genem  Madrej)oni  and  Porites  belong  to  this  group. 

Another,  and  by  far  the  largest  group,  is  calle«l  Zoantharia  Aporosa, 
l)ecause  the  septa  are  completely  lamellar,  and  the  walls  seldom  porous, 
but  foniiing  a perfect  sheath  for  the  body.  Idle  old  genera  Turbiuolia, 
Oculina,  Astriea,  and  Fiuigia  (now  di^^ded  by  M.  Edwanls,  and  J.  IJaime, 
and  others,  into  no  less  than  152  genera),  are  examples  of  this  group. 

The  Zoantharia  Perforata  and  Ajwrosa  include  all  the  existing  coral- 
fonning  Zoantharia,  and  the  grcjit  bulk  of  those  which  lived  in  the 
Secondary  and  Tertiary  epochs. 

The  Silurian  corals  are  chiefly  Rugosa  (such  as  Acervulariaf  Cya- 
thophylluniy  and  Zaphrentu)  and  Zoantharia  tabulabi. 

^lany  of  the  Silurian  and  other  Pidax)Zoic  comls  so  resemble  modem 
genera  in  external  form  and  aj)]>earance  that  they  were  at  one  time 
classed  among  existing  genera,  until  more  exact  observation  shewed  many 
of  them  to  be  in  fact  members  of  a totally  distinct  order,  all  the  genera 
of  which  have  long  since  perished  from  the  earth. 

Extinction  of  Forms. — It  remains  only  to  call  attention  to  the  fol- 
lowing genera,  which,  having  commenceil  during  the  Lower  Silurian, 
and  siiiwived  into  the  Upper  Silurian  Period,  now  became  extinct. 

Actinozoa,  Halysites,  Nebnlipora. 

J\dyzoa,  Graptolithus,  Ptilodictya. 
lii’aciiio])Oila,  Obolus,  Sij>honotreta, 

Conchi/era,  Ambonychia,  Cardiola,  CtencHlonta,  C’ucullela,  LjTodesma, 
Modiolopsis,  Orthonota,  Pterinsca. 

Gasteropoda,  Cyclonema,  Holopella. 

Pteropoda,  Ecculiomphalus,  Pterotheat,  Tlieciu 
Cephalopoda^  Lituites. 

Echinodennafa^  Glyi^tocrinus,  Palaeaster,  Protaster. 

Anndiduj  Crossopodia,  Serpulites,  Tentaculites,  Trachydenna. 

Crustacea,  Acidaspis,  Arni\yx,  RejTichia,  Calymene,  Clieirunis,  Cyphaspis, 
Encrinnrus,  Homalonotus,  Illacnus,  Leperditia,  Lichas,  Phacops, 
Sph.'erexochus,  Staurocejflialus. 

Tlie  great  ma«s  of  the  Trilobites  thus  died  out  \\nth  the  Graptolites, 
though  unlike  the  latter,  the  family  was  continued  by  a few  genera 
and  species  to  still  later  periods. 
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DEVONIAN  PERIOD. 

This  period  is  so  called  becaiLse  certain  rocks  which  occupy  a large 
part  of  Devon  are  believed  to  liave  been  de][)osited  while  it  elapsed.  All 
rocks  wliich  were  formed  after  the  uppennost  of  those  which  can  be 
properly  called  Silurian,  and  before  the  lowest  of  any  wdiich  can  be 
properly  called  Carboniferous  may  be  classed  as  Devonian  rocks,  and 
l(X)ked  upon  records  of  Devonian  time. 

The  rocks  in  Devon  and  Cornwall  were  l>elieved  to  occupy  this 
I>lac^^  because  the  fossils  they  coiiUiined  seemed  to  hold  an  intermediate 
place  between  true  Silurian  and  true  Carboniferous  fossils  ; they  also 
lay  below  rocks  which  were  undoubtedly  of  Carboniferous  age.  We 
have  seen,  when  describing  the  U]>i)er  Silurian  rocks,  that  they  are 
covered  by  a series  of  red  rocks,  which  are  commonly  called  the  Old 
Red  Samlstone,  and  the  great  Carboniferous  series  certainly  conies  in 
over  the  top  of  this  red  series.  The  Old  Red  Sandstone  then  certainly 
lies  between  the  Silurian  and  Carboniferous  fonnations,  and  if  we  are 
to  cla-ss  all  the  rocks*  which  occupy  that  jiosition  as  Devonian  rocks, 
then  the  OKI  Red  Sandstone  is  Devonian.  But  the  Devonian  rocks 
south  of  the  Bristol  Channel  consist  of  clay  slates  (locally  called  Killas), 
and  gray  limestone.=i,  witli  brou*n  sand.stone  and  flags,  w’hile  the  Old  Red 
Sandstone  nortli  of  the  Bristol  Channel  con.si.sts  chiefly  of  red  sand- 
stones and  conglomerates,  with  nothing  like  gray  slates  or  large 
masses  of  limestone.  They  are  therefore  lithologically  veiy  different 
kinds  of  rocks,  nevertheless  that  is  no  reason  why  they  should  not  be 
parts  of  the  same  formation. 

The  smooth  gray  marbles  of  Plymouth  might  geologically  be  identi- 
cally tlie  same  as  any  of  the  coarse  conglomerates  of  Herefonl  or  Wides, 
that  is,  they  might  have  been  formed  at  preci.sely  the  same  time  in 
different  places.  Just  as  the  jiebble  beaches  of  the  British  coa.sts  and  the 
coral  reefs  of  the  tropics  are,  tw  contemporaneous  dejxjsits,  included  in 
the  same  “ Recent  or  Human  PeriiKl,”  so  these  old  dissimilar  rocks 
might  all  belong  to  the  “ Devonian  Periml.” 

It  is,  liowever,  (piite  possible  that  the  slates  and  limestones  of 
Devon,  and  the  red  sandstones  of  South  Wales,  although  each  deposited 
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within  the  same  great  period,  are  not  strictly  contemporaneous,  but 
were  fonned  at  diliercnt  parts  of  the  peiiod.  Or  it  is  possible  that  the 
red  sandstone  seri(is  of  South  Wales  is  not  a continuous  series — tliat 
the  lower  part  of  it,  at  all  events,  Ls  older  than  any  of  the  Devon 
series,  while  the  upper  part  may  be  newer  than  much  of  that  series. 

It  is  unfortunate  that  up  to  the  i)resent  time  it  has  been  found 
impossible  to  decide  these  questions,  because  in  no  case  have  the  fossils 
of  the  Devon  rocks  been  found  in  any  beds  associated  ^Wth  the  Old  Red 
Sandstone,  or  ;my  place  discovered  where  the  two  formations  came  into 
contact,  BO  that  their  relations  of  superj)osition  could  be  clearly  ascer- 
tained. 

There  is,  therefore,  at  present  great  uncertainty  as  to  this  portion  of 
the  series,  an  uncertainty  of  such  a nature  as  to  lead  to  a doubt  whether 
the  Devonian  period  will  ultimately  be  retained.  Tlie  rocks  so  called 
may  perhajjs  hereafter  be  cla.ssed  partly  with  the  Upper  Silurian,  and 
partly  with  the  Low’er  Carboniferous. 

As  the  rocks  called  Old  Red  Sandstone  are  peculiarly  British,  I will 
first  of  all  describe  them,  and  then  take  the  Devon  rocks,  and  their 
equivalents  ahroiul. 

Ofd  lied  l^ndMone  of  Sifuria. — In  the  section,  fig.  110,  and  in  the 
descri])tions  of  the  Upper  Ludlow*  rocks  of  Shropshire  and  Hereford- 
shire, we  found  them  passing  up  into  a series  of  red  flagstones  and 
sandstones. 

In  Shropshire,  this  series  of  red  sandstones,  with  bands  of  impure 
arenaceous  limestone  (comstone)  and  occa-sional  beds  of  red  conglome- 
rate, and  rtd  and  green  clays  or  marls,  lies  regularly  and  conformably 
ujM>n  the  Upper  Liicllow’^  nicks,  and  dips  at  a gentle  angle  to  the  south- 
east, so  as  to  shew  a thickness  of  3700  feet,  when  it  is  covered  by  the 
Carboniferous  rocks  of  the  Glee  Hills. 

It  spi-eads  fnmi  this  district  to  the  south-w*est,  through  Hereford  into 
Monmouth  and  Brt'cknock,  where  it  acquires  an  enormous  thickness — 
at  lejuit  10,000  feet.  It  forms  mountains  nearly  3000  feet  high  (one 
of  the  Br(*con  Vans  is  2860  feet),  in  which  the  beds  lie  at  a verj*^  gentle 
angle,  and  shew^  but  a small  part  of  the  fonnation.  In  this  district 
comstones  seem  to  abound  more  near  the  centre  and  low'er  part  of  the 
formation,  while  beds  of  conglomerate  occur  m ita  upper  part. 

Proceeding  into  Caennarthenshirc,  its  lower  beds  are  tilted  up  into 
a vertical  iwsition,  along  with  the  Ujiper  Siliuians,  and  in  the  country 
south  of  Llandeilo  fawr,  they  lie  as  in  the  following  section  (Fig. 
111). 

Tlie  lower  beds  arc  only  to  be  separated  here  from  the  Upper 
Silurian  by  the  most  arbitrary  line  of  di^^siou,  founded  on  the  gradual 
disappearance  of  all  fossils  as  the  rocks  get  more  and  more  entirely  red. 

The  uppermost  red  rocks,  on  the  other  hand,  dip  conformably 


DEVONIAN  PERIOD. 


493 


beneath  the  escarpment  of  the  Ctirboniferons  limestone,  and  some  of  the 
yellow  siindstoues  and  shales,  which  apixjar  among  the  nppenuost  red 
rocks,  contain  fragments  of  plants. 


Fig.  111. 

Section  across  Cwni  Cennen,  three  or  four  miles  8W.  of  I.>an(lcilo  fawr,  reduced  from 
sec.  2,  sheet  3,  of  the  horizontal  sections  of  the  Geological  Sui^’ey. 

lyongth  of  section,  about  three  miles. 
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Between  this  upper  and  lower  part  there  is  unfortunately  the  longi- 
tudinal valley  of  Cwm  Cennen,  in  which  no  rock  is  to  be  seen  ; but 
on  proceeding  eastwards  to  the  head  of  that  valley,  and  crossing  that  of 
the  Sawdde  to  the  head  waters  of  the  Usk  or  Wysg,*  the  intermediate 
rocks  arc  met  with,  and  appear  to  connect  the  top  and  bottom  of  the 
formation,  both  lithologically  and  by  their  “ lie,”  since  their  angle  of 
dip  gradually  incremses  towards  the  Silurian  coimtry,  and  decreases  as 
gradually  towards  the  Carboniferous. 

In  South  Wales,  then,  there  is  no  ai)panmt  break  in  the  continuity 
of  the  Old  Red  Sandstone,  though  it  is  difhcult  to  explain  it.s  “ po.^ition 
and  lie”  ^^'ith  respect  to  the  Carboniferous  rocks  of  Pont}"]iool,  and  the 
Upper  Silurians  NW.  of  Usk,  without  suppo.sing  a separation  there  of 
some  kind  between  the  upper  and  lower  part  of  the  series. 

Old  Red  Sandstone  of  Ireland^  County  Kerry. — It  has  been  already 
stated  that  the  represenbitives  of  the  Wenlock  and  Ludlow'  groups  can 
be  identified  by  means  of  their  fos-sils  at  the  extremity  of  the  Dingle 
Promontor)’  in  County  Kerry.  Now'  the  rocks  are  there  so  violently 
disturbed,  that  it  is  abnost  bnpossible  to  make  out  the  details  of  their 
structure  satisfactorily,  but  the  main  facts,  as  exhibited  in  the  follow'ing 

* This  word  “ wysg,”  by  which  the  river  is  known  near  its  head,  is  evidently  the  same 
as  the  Irish  word  for  “ water  but  I beliex-e  its  meaning  is  now  quite  unkno^vn  in  Wales. 
“ Dwr,”  the  Welsh  word  for  water,  seems  allied  to  the  Greek  “ hydor,”  while  the  Irish  word 
is  more  like  the  Latin  “ a(|ua.” 
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diagram,  are  clear  enough.  Tliis  dijxgram  is  based  on  the  facts  to  be 
seen  in  two  or  three  transverse  sections  across  the  peninsula  and  in  the 
maps  of  the  whole  district,  so  that  it  represents  the  truth,  although 
there  is  no  one  line  of  country  in  which  all  the  facts  given  in  it  are  to 
be  observed  together. 


Diagramatic  section  representing  the  i-olation  of  the  Dingle  he<ls  to  the  rocks  aUtve  and 

hclow  them. 

7t.  Carlx»niferoiis  liinc.stone. 

<7.  Old  Red  HJind-stone,  3000  or  4000  feet. 

U nconfonnabilty. 

e.  Dingle  beds,  .‘sandstones,  .slates,  and  conglomerates,  7000  to  10,000  feet. 

* Possible  nnconforniability. 

c.  Croghmarhin  beds,  with  Ludlow  fossils. 

?j.  Ferriters  Cove  beds,  with  Wenlock  fussUa. 

a.  Smorwiek  beds,  red  and  green  and  yellow  sandstones  and  conglomerates,  no  fossils. 

Tlie  Croglimarhin  beds,  containing  Pentamerus  Knigbtii  and  other 
Ludlow  fossils,  dip  south  at  a high  angle  under  a great  series  of  red 
and  green  grits  and  red  and  puri»le  slates,  ^vith  bands  of  purple  con- 
glomerate, some  pebbles  in  which  contain  Llandover}'  fossils.  This 
great  series  we  call  the  “ Dingle  Ijed.s.”  Some  facts  connected  with  the 
general  structure  of  the  district  lead  me  to  su.spect  that  they  are  not 
quite  confonnalde  to  the  rocks  containing  Upper  Silurian  fo.s.sils  below 
them,  Vnit  creep  across  them  so  as  ultimately  to  re.st  on  the  Smenvick 
beds  (7.  Tliis,  however,  is  a doubtful  point,  while  there  can  l>e  no 
doubt  of  their  being  above  the  Croghmarhin  beds.  The  Dingle  l>eds 
are  clearly  seen  in  the  cliffs  of  the  coast  for  several  miles,  dipping 
invariably  south  at  an  angle  of  60“  or  thereabouts,  and  striking 
tlirough  a succession  of  headlands  along  the  coast  in  which  Ventr}’  and 
Dingle  Harbours  lie.  Mount  Eagle  and  Brandon  Mountain,  the  latter 
of  wliich  is  over  3000  feet  in  beiglit,  are  entirely  composed  of  them. 

Their  tliickness  cannot  be  less  than  7000  or  8000  feet,  and  that  is 
not  their  whole  thickness,  since  thirir  topmost  beds  tire  nowliere  to  l>e 
seen.  The  upiK*rmo5>t  beds  that  are  seen  strike  along  the  cliffs  of  the 
north  side  of  Dingle  Bay  for  several  miles,  and  plunge  to  the  south 
into  the  water  ; and  when,  as  the  peninsula  expands,  they  strike  into 
the  land,  they  are  very  shortly  covered  by  another  set  of  red  sjind- 
stones  and  conglomerates  which  rest  unconformahly  on  the  edges  of  the 
Dingle  beds.  Tlie.se  overlying  unconfonnablc  beds,  which  are  un- 
doubted Old  Red  Saiuhstone,  ai>i>ear  at  first  as  isolated  patches  on  the 
bill  toj)s,  or  as  bonlers  to  the  peninsula,  as  their  beds  rise  from  the 
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sea  ; but  as  we  proceed  towaixls  the  east  or  inland,  they  spread  farther 
and  farther  towards  the  centre  of  the  peninsula,  and  soon  arch  over  the 
tops  of  the  hills  in  continuous  sheets,  horizontal  in  the  centre,  but 
dij)ping  on  either  hand  towards  the  sea  at  higher  and  higher  angles  as 
they  neiir  the  coasts.  Tlie  Dingle  imd  Silurian  beds  may  be  still  seen 
beneath  them  for  a short  distance  in  the  glens  and  valleys  which  have 
been  worn  down  through  the  uncoiifonnable  covering,  as  on  the  sloj)e 
of  Caherconreagh  and  in  the  Denymore  Glen  ; but  as  the  hills  gradu- 
ally decline  towards  the  ea4,  and  the  Old  Red  Sandstone  sinks  even 
a little  faster  in  that  direction,  the  lower  rocks  become  shortly  quite 
concealed  by  it,  and  it  itself  dips  conformably,  and  at  a gentle  angle, 
beneath  the  Carboniferous  limestone  both  to  the  north  and  south,  and 
round  the  eastern  termination  of  tlie  range,  which  is  there  cidled  Slieve 
Mish. 

We  have  here,  then,  two  sets  of  red  rocks  which  might  be  each 
called  the  Old  Red  Sandstone,  since  they  both  lie  between  tlie  Up|>er 
Silurian  and  the  Carboniferous  formations,  but  yet  are  clearly  sej)amted 
from  each  other  by  their  decided  unconformability,  the  one  adhering  to 
and  forming  the  upper  portion  of  the  Silurian  seiies,  the  other  (juite 
separated  from  that,  and  forming  the  base  of  the  Carboniferous  rocks. 

Old  Red  Sandstone  of  Scotland — Jxmarkskire. — My  colleague  Mr. 
Geikie  has  lately  described  facts  precisely  similar  to  those  ju.st  nien- 
tioned  as  observable  in  the  south  of  Scotland.  (Q.  J.  G.  S.,  L.,  vol. 
xvi.f  p.  313.) 

The  green  beds  of  the  Ui)per  Silurian  near  Lesinahago  (see  p. 
483)  graduate  upwards,  as  pointeil  out  by  Sir  R.  I.  Murchison  (in  his 
paper  in  Q.  J.  G.  S.,  L.,  vol.  xii.,  p.  1 7)  “ into  a perfectly  conformable 
series  of  red  shales,  siindstone,  and  conglomerate  bands,  which  pass  by 
alternations  into  a higher  and  ver}^  thick  group  of  i)urplish  gray  sand- 
stones, often  pebbly  and  conglomeritic.”  In  one  section  Mr.  Geikie 
follows  this  Jiscending  series  for  eiglit  miles,  and  assigns  it  a thickness 
of  12,000  feet  and  upwards.  As  in  Kerry,  the  top  of  the  formation 
is  nowhere  reached,  since  it  is  covered  unconfornuibly  by  the  “ Upi>er 
Old  Red  Sandstone”  and  Carboniferous  rocks. 

Mr.  Geikie  shews  that  a similar  “ Lower  Old  Red  Sandstone”  rests 
conformably  on  the  upper  Silurian  rocks  of  the  Penthuid  and  Liimmer- 
muir  Hilhs,  covered  equally  unconformably  by  the  “ U]q)er  Old  Red 
Sandstone”  and  Carboniferous  rocks. 

If  then  the  separation  of  the  Old  Red  Sandstone  of  Siluria  into 
two  distinct  groups  be  doubtful,  we  have  clear  evidence  that  in  Scotland 
and  Ireland  there  are  two  distinct  red  series,  one  adhering  conformably 
to  the  upj>er  part  of  the  Silurian  series,  and  the  other  making  the 
conformable  base  of  the  CarbonifeTOUs  series,  a discordant  break  occur- 
ring between  the  two  of  such  magnitude,  as  to  make  it  impossible  to 


496 


DEVONIAN  PERIOD. 


consider  them  as  parts  of  one  formation,  or  include  them  in  one  com- 
mon designation. 

Chanicteristic  Fossils  of  the  so-called  Loxcer  Old  Red  Sandstone. — 
Neither  the  coarse  sandstones  and  conglomerates,  nor  the  red  slates 
and  shales,  are  rocks  likely  to  contam  many  fossils.  The  remains  of 
fish,  however,  of  the  curious  genera  Cephala.spis  and  Pteraspis,  have 
been  found  in  Siluria,  both  in  the  Ludlow  rocks  (even  the  Lower 
Ludlow)  and  the  red  Comstone  series  over  them.  So  far  as  the  fish 
are  concerned,  the  Ludlow  rocks  and  the  Red  Sandstone  and  Com- 
stone series  (including  the  Tilestone  and  rocks  greatly  above  it)  form 
parts  of  one  formation.  Here,  therefore,  there  is  neither  petrological 
nor  palaeontological  boundary  to  be  drawn  between  the  Up})er  Silurian 
and  the  “ Lower  Old  Red,”  the  only  distinction  being  a lithological  one, 
and  that  chiefly  in  the  mere  colour  of  the  rocks.  Mr.  Geikie  says 
that  Cephultispis  Lyellii  luis  also  been  found  in  the  so-called  Lower 
Old  Red  Sandstone  of  Lanarkshire. 

Besi<lcs  these  fish,  the  large  Cnistiiceans,  Euryptenis  and  Pterj'- 
gotus,  have  been  found  both  in  Siluria  and  in  Scotland,  in  beds  (the 
Arbroath  Flagstones,  etc.)  which  may  be  either  Upper  Silurian  or 
Lower  Old  R(^  {Siluria^  3d  edit,  p.  277). 

Unfortunately  the  Dingle  beds  of  Ireland  have  not  yet  yielded  to 
the  researches  of  the  Geological  Sun^ey  any  fossils  whatever,  except 
those  in  its  pebbles  which  clearly  do  not  belong  to  it,  though  I have 
little  doubt  that  Cephalaspis  and  Ptemspis,  as  well  as  Eurj'pterida?, 
wU  eventually  be  disinterrtxl. 

In  the  following  fossil  group.  No.  11,  a figure  is  given  of  one  of 
the  species  of  fish  characteristic  of  the  beds  now  described,  namely — 
Cephidaspis  Lyellii  ; the  two  others  belonging  to  be<ls  liigher  in  the 
series,  which  will  now  be  spoken  of. 

Old  Red  Sandstone  proper  of  CaithnesSy  the.  Murray  Frithy  Fifeshire 
{Dura  Den)y  etc. — In  Caithness  Sir  R.  I.  Murchison  describes  a great 
series,  divisible  into  three  groups — 

3.  Upper  Old  Red  Stindstone. 

2.  Bituminous  schists  and  hard  flagstones,  with  limestones. 

1.  Thin  bedded  flagstone  passing  dowTi  into  red  sandstone,  and 
that  into  red  conglomerate. 

Tlie  bottom  of  No.  1 rests  on  granite  and  metamorphic  rocks. 
{Siluria y 3d  edit.,  p.  280.) 

No.  3 probably  should  be  classed  with  the  Carboniferous  group. 

Nos.  2 and  1 contain  a number  of  fish  of  the  family  Acanthodidae, 
and  also  of  the  following  genera  : — Asterolepis,  Bothriolepis  (fragments, 
probably  of  several  ditferent  things  so  called),  Coccosteus,  Diploptenis, 
Diptenis,  Glyptolepis,  G}Toptychius,  Osteolepis,  Pterichthys.  {Jnforma- 
tiou  supplied  by  Professor  J/narley.) 
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The  same  group,  both  in  Caithness  and  the  Orkney  Islands,  contains 
a number  of  plants  clearly  of  teire.strial  origin,  and  greatly  resembling 
Lepidodendron,  Calamites,  and  other  forms  which  are  common  in  the 
Carboniferous  rocks,  but  perhaps  not  really  belonging  to  those  genera. 


Fossil  Group  No.  11. 

Fossil  Fish  of  Lower  an«l  Upper  Old  Rod  Sandstone. 

a.  Ccphalaspis  Lyellii.  6.  Coccosteus  decipicns,  c.  Pterichtbjs  latus. 

The  same  beds,  losing  the  bituminous  schists,  are  traceable  south- 
wards along  the  ea.st  coa.st  of  Scotland,  along  both  shores  of  the  Murray 
Frith  (Hugh  Miller’s  country),  whence  a thin  skirt  of  them  strikes  south- 
west into  the  great  glen  of  the  Highlands.  (Sketch  Map  of  Scotland, 
by  Sir  R.  I.  Murchison  and  Archd.  Qeikie.) 

They  recur  on  the  coast  of  Forfar  and  Fife,  whence  they  strike 
again  to  the  south-west,  along  the  foot  of  the  Grampians  to  the  Clyde, 
their  upper  betls  forming  apparently  the  “ Upper  Old  Red  Sandstone” 
alrearly  spoken  of  as  lying  unconfomiably  on  the  so-called  “ Lower” 
Old  Red  Sandstone  of  Lanark,  etc. 

The  following  genera  have  been  found  at  Dura  Den,  in  Fifeshire — 
Dendrodus,  Glyptopomus,  Glyptolfemus,  Holoptycliius,  Phaneropleuron, 
Platygnathus,  Pterichthys. 

Y 2 
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Of  tliese  PU'richthys  alone  has  yet  been  found  in  Caithness.  It  has 
also  been  found  near  Farlow  in  Shropshiie  a little  below  the  Carbonifer- 
ous limestone  (*Si7« r/a,  p.  271). 

The  genus  Holojitychius  does  not  occur  in  Caithness,  but  it  does 
occur  m tlie  Carlxmiferoas  rocks  abundantly,  and  seems,  according  to 
Professor  Huxley,  to  be  a characteristic  genus  of  that  formation. 

Note. — Tlie  ReptileH  Tdorjwton  and  Sfagonolei»i3,  whlcli  were  believed  to  come  from 
tl«e  Old  Kcd  Handstone  of  Elpn,  mure  probably  Inilong  to  the  New  Red.  They  were  found 
in  some  red  sandstones  which  were  not  covered  by  any  otlier  rock,  and  therefore,  may  bo 
luitches  of  New  Red  Sandstone  ea.sily  confounded  with  the  Old  Red  Sandstone  of  the  neigh- 
Ismrhood.  There  is  little,  if  any  distinction  to  l>e  drawn  Indwccn  the  kinds  of  rock,  one 
having  been  confounded  with  the  other  in  several  English  localities. 

Old  Red  Sandstone  Proper  of  Ireland.  — In  the  south  of 
Ireland,  in  the  counties  of  Kilkenny,  Waterfonl,  and  Cork,  we  get, 
resting  unconfonnably  on  tlie  Lower  Silurian  rocks,  a series  of 
red  siindstones  and  slates,  very  similar  to  the  upper  i>art  of  the  red 
series  of  South  Wales,  and  like  it,  confonning  to,  and  graduating  up  into, 
the  Carboniferous  rocks  above.  In  Ireland,  indeed,  it  is  harder  and 
more  affected  by  slaty  cleavage,  so  that  the  clays  of  Wales  hike  the  form 
of  clav  slates  in  Irehuid.  Both  round  the  South  Welsh  coal-field  and 

V 

in  south  Irehind,  the  ui)p(^rmost  ]mrt.  of  the  group  contains  a number  of 
beds  of  yellow  and  greenish  sandstone  and  shale  ; the  yellow  sand- 
stones being  also  so  well  developed  in  the  north  of  Irehuid  as  to  lead  Sir 
R.  Griffith  to  give  the  name  of  the  “ Yellow  sandstone”  to  the  upper  part 
of  the  series. 

The  Old  Red  Sandstone  commences  near  Ooresbridge,  in  Kilkenny, 

a very'  thin  band,  but  swells  out  towards  the  south-west  in  Water- 
f'oixl  ami  Cork  to  a thickness  of  seveml  thousand  feet.  At  Kiltorcan 
Hill,  near  the  village  of  Ballyhale,  in  the  parish  of  Knocktopher, 
(Kiunty  Kilkenny^,  arc  quarries  in  the  upper  yellow  or  greenish  sand- 
stones, from  which  fronds  of  a feni,  nearly'  two  feet  across,  have  been 
jirocured,  together  ivith  plants  of  a genus  called  C’yclostigma,  by  1V>- 
fessor  Haughton,  some  parts  of  which  resemble  a Sigillaria,  and 
others  Lepidcxlendron,  and  even  Cidaniites,  while  its  roots  api>ear  to  l>e 
Stigmaria.  These  occur  with  fish  scales  belonging  to  the  g<*nem 
Asterolei)is,  Glyi)tolepis,  and  Coccosteus,  and  others  assigned  to  Both- 
riolepis  by  Mr.  Baily',  together  w'ith  a large  fresh-water  bivalve  shell 
called  Anodonta  Jukesii  by  E.  Forbes,  and  fragments  of  an  Eurypterus. 
E.  Forbes  named  the  large  fern  jirovisioually  C'y'clopteris  Hibeniica  ; 
but  M.  Adol})he  Biongniart  has  decided  that  it  is  more  like  Adiantitea. 
(See  explanation  of  sheets  147  and  157  of  the  Geological  Survey  of 
Ireland.)  Tlie  Fossil  Group  No.  12  gives  three  of  these  species. 

Tlie  Old  Red  Sjindstone  of  this  part  of  Kilkenny’  is  about  800  feet 
thick,  and  jiasses  quite  conformably  beneath  the  dark  shales  and  gray 
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limestones  of  the  Carboniferous  series.  The  ferns  and  the  Anodon  have 
been  found  also  near  Clonmel  and  near  Cork  ; and  fragments  of  the 
planks  always  occur  in  the  upper  part  of  the  Old  Red  Sandstone  throughout 
the  south  of  Ireland.  At  Tallow  Bridge,  in  Waterford,  very  large 
stems  are  exposed.  (See  explanation  of  sheets  176  and  177  G.  S.  I.) 


Fossil  Group  No.  12 

a.  Adiantites  Hibemicus.  6.  Cyclostigma  minutum. 

c.  Anodonta  JakoHii. 


The  occiurence  of  these  fossils  in  beds  just  a little  below  the  base  of 
the  undoubted  Carboniferous  limestone,  aids  us  in  fixing  the  place  of  the 
similar  beds  in  Scotland,  in  which  similar  fish  and  plants  occur.  Tlie 
occurrence  of  the  large  fresh-water  shell,  so  like  the  Anodon  of  our  own 
lakes,  raises  a strong  presumption  in  favour  of  the  fresh-water  character 
of  the  fish,  and  thus  lends  support  to  Mr.  Godwin  Austen’s  idea  that  the 
Old  Red  Sandstone  is  a fresh-water  formation. 

The  Rocks  of  Devon  and  Cornwall. — Professor  Sedg^vick  and  Sir 
Roderick  Murchison  described  the  structure  of  North  and  South  Devon  in 
a paper  published  in  vol.  v.,  p 633,  of  the  Transactions  of  the  Geological 
Society,  2d  series.  Sir  Roderick  Murchison  gives  an  abstract  of  one 
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of  the  sections  of  North  Devon,  in  Siluria^  p.  294,  which  includes  the 
following  groups  : — 

7.  Culm  measures  ; grits,  slates,  and  beds  of  culm,  with  a black  lime- 
stone, containing  Posidonomya  near  the  base. 

6.  Up}x*r  Devonian  bands  with  Clymenia  limestone. 

5.  Red  and  brown  arenaceous  rocks  (Marwood  sandstone). 

4.  Quartzose  schists. 

3.  Gmy  schists  and  Stringocephalus  limestone. 

2.  Red  stindstone  and  conglomerate. 

1.  Lowest  be<ls  of  schist  and  red  micaceous  sandstone. 

Of  the^e  the  Marwood  siindstone  (5)  contains  the  same  fossils  as  occur 
in  the  Coomhola  grits  of  Ireland,  which  are  certiinly  Carboniferou.s. 

It  may  be  doubted,  perhaps,  whether  1 be  not  an  Upper  Silurian 
rock,  from  its  containing  Orthides,  etc.  If  so,  it  w^oiild  follow  that  2,  3, 
and  4,  are  the  only  groups  which  ought  to  be  called  Devonian. 

Professor  Sedgwick,  in  his  introduction  to  his  Briti.sh  PaUnozoic  Rocks 
and  Fossils,  arranges  the  rocks  of  South  Devon  into  the  following 
gi'oups  : — 

3.  Dartmouth  Slate  Group. — Coarse  roofing  slates  and  quartzites,  ending 

upwards  with  beds  of  nd,  gi*een,  and  variegated  sandstone. 

( c,  Coai-se  red  sandstone  and  flagstone. 

2.  ripmouih  Group.  •<  Calcareous  slates. 

{ «,  Great  Devon  lime.stone. 

1.  Lhheard  or  Ashhurton  Group. 

The  whole  of  the  rocks  of  Devon  and  Comw'all  are  greatly 
distill  bed  and  contorted,  often  even  inverted,  so  that  in  the  coimtiy 
about  the  Dodinan,  south-west  of  St.  Austell  Bay,  some  of  the  upper 
rocks  dij)  ai>parently  beneath  others  wiiicli  are,  by  their  fossils,  of 
Cainbro-Siliirian  age  {Silurm,  p.  16U).  For  this  rea.son  the  district  is 
one  which  is  not  well  calculated  to  form  a tyi>it»l  district,  and  any 
conclusions  drawn  from  it  require  veiy  strict  testing  and  verification  in 
other  localities  wiiere  the  rocks  have  been  left  more  undisturbedly  in 
their  original  order  of  super-position. 

The  characteri.stic  fossils  of  the  Devonian  rocks  of  Devonshire  may 
be  stated  as  folio w’s,  the  Fossil  Group  No.  13  containing  figures  of  some 
of  the  most  remarkable  : — 

Sjxmpid<e. 

Stromatoiwra  placenta  . ‘ . . Foss',  gr.  13,  a. 

Actimzoa. 

Cyathophyllum  cicspitosum  . . Tub.  View’.* 

* Tliis  n'fcrs  to  the  "Tahuliir  View  of  Characteiistie  British  Fossils,”  published  by  the 
Society  for  Promoting  Christian  Knowledge,  price,  in  a is^ok,  Os. ; a little  work  to  which 
frequent  refertmcc  will  hereafter  l)C  made  for  llgures  of  Uic  fossils  that  may  be  mentioned. 
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Heliolites  perosa .... 

pyriformis  .... 

Pleurodictyum  problematicum 

Brachiopod<i. 

Atrypa  cles<iuamata 
Calceola  Saiulalina 
Orthis  circularis. 

Spirifera  calcarata 

speciosa  .... 

Striiigocophalus  Burtini 
Uncites  poirectiis. 


Pliil.  Pal.  fos.s.,  t.  7.* 

IbuL 

Tab.  View. 

Sil.  foss.  75. 

Fob.  gr.  13,  c. 

M‘Coy,  Carb.  foss.,  t.  20. 
Tab.  View. 

Ditto. 

Foss.  gr.  1 3,  d,  and  Tab.  V. 
M‘Coy,  Pal.  foss.,  pL  2 a. 


Fossil  Groui>  No.  13— Devoninn, 

a.  fttromat^)porn  placenta.  d-  Stringocephalns  Burtini. 

h.  Brontens  flabellifer.  Pleurotomaria  aspera. 

r.  Calceola  sandal  ina.  /*  Clynienia  striata. 


Conchifera. 

M^alodon  cucidlatus  . . . Sil.  foss.  75,  and  Tab.  V. 

Gasteropoda. 

Pleurotomaaria  aspera  . . Foss.  gr.  13, 

Cephalopoda. 

Clymenia  striata  ....  Foss.  gr.  13,  / 

* Phillips’s  Palajozoic  Fossils  of  Cornwall  and  Devon. 
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Ci'mtacea. 

Bronteus  flal>ellifer  . . . Foss.  gr.  1 3,  and  Tab.  V. 

? Hoinalonotiis  armatns,  etc. 

Phacoj)s  laciniatus. 

latifroiis  ....  Phil.  Pal.  foss.,  fig.  249. 


BeJffiinn  and  the  Rhine. — Large  masses  of  rock  form  the  hilly  region 
of  the  Anlennes  between  Naimir  and  Mezieivs,  and  stretch  thence 
across  tlie  Hhine  into  Westphalia,  forming  the  Eifel,  the  Hundsruck,  the 
Taunus,  and  tlie  Westerwald  Hills. 

The  greater  part  of  this  district  has  been  coloured  in  the  Continental 
maps  as  Devonian  (Lower,  Middle,  and  Uj)per).  Some  of  the  lower 
rocks  may  be  set  down  certainly  as  Lower  Silurian  {Sihiri/i,  p.  423)  ; 
some  of  them  when  more  minutely  and  accurately  examined  will 
perhaps  turn  out  to  be  Upper  Silurian,  while  the  upper  groups  are 
cxjit-ainly  Carboniferous. 

The  Chunenia  and  Goniatite  limestone,  the  C\qiridina  schiefer,  and 
Spirifera  Venieuillii  schiefer,  are  certainly  identical  with  the  Carboni- 
ferous slate  of  S.  Ireland,  whicli  clearly  lies  above  the  wdiole  of  a vast 
tliickness  of  Old  Red  Sandstone  there,  and  belongs  to  the  Carboniferous 
group.  It  contains  the  Cypridina  sernito-striata  and  Spirifera  Verneuillii 
(so  called)  in  great  abundance,  as  w ill  be  shewn  presently.  There  re- 
main then  for  the  Devonian  rocks  of  Belgium  and  the  Rhine  two 
groups.  Tlie  firet  and  lowest  of  these  are  the  “ Coblentzien  and  Ahrien 
systemes”  of  Dumont,  w'hich  coincide  w'ith  the  “ Spirifer  sfmdstein” 
and  “ Wissenbach  slates  ” of  Sandberger  and  others.  The  second  or  upper 
group  contains  the  “ Calceola  schist  or  Leuue  Schiefer”  of  Von  Dechen, 
tlie  “ Agger  and  Lenne”  p’oup  of  Von  Dechen,  F.  Rtimer,  and  Girartl, 
and  the  Eifel  or  Stringocephalus  limestone. 

The  fossils  found  in  these  rocks  in  the  Eifel  and  Rhenish  coiuitiT 


are  said  to  be  the  following — 

Li  tlie  “ Spirifer  .saiidstein,”  Spirifera  macroptera,  and  S.  speciosa 
— Tercbratula  archaici,  Ortliis  circularis,  Leptaena  jilicata,  Clionetes 
semiradiata,  many  species  of  Pterinea,  Pleurodictyum  jtroblematicum 
and  the  Trilobites  called  Phacops  laciniatus,  and  Phacops  latifrons,  and 
Honialoiiotus  Ahrendi,  and  H.  armatus. 

The  Wis.senbach  slates  contain  some  of  these  fossils  also,  ami  some 
others,  such  as  Orthoceras  gracile  and  Goniatites  compre.«sus. 

Tlie  Agger  and  Lenne  grouj),  and  the  Eifel  limestone,  contain — 

Calceola  sandalina,  Spirifera  cultrijugata,  and  others  ; Stringo- 
oephalus  Burtiiii,  Uncites  gryphus,  Megalodon  cucullatus  (not  found  in 
Britain,  figiued  in  Sil.  foss.  75,  ji.  298),  Lucina  proavia,  Murchisonia 
bilineata,  and  the  corals  Cyathophyllum  cwspitosum,  Favosites  poly- 
morpha,  Ileliolites  pyriformis,  etc.  {Bduria^  chap,  xvi.) 
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North  America— In  many  parts  of  Nortli  America  the  Palaeozoic 
rocks  lie  so  regularly  and  undisturbedly,  that  they  may  probably  be 
eventually  taken  as  the  true  type  of  that  part  of  the  series  which  lies 
between  the  Silurian  and  Carboniferous  formations. 

The  following  groups  have  liitherto  been  described  as  lying  above 
tliose  previously  mentioned  at  p.  484,  and  below  othei-s  which  belong 
undoubtedly  to  the  Carboniferous  period. 

This  table,  taken  from  Rogei-s,  is  modified  by  that  of  Professor 
Ramsay,  given  in  the  3d  edition  of  Siluria^  and  that  of  Dr.  Bigsby  in 
Q.  J.  O.  S.,  vol.  -\iv.  Tile  rocks  seem  to  be  all  much  thicker  in  Penn- 
sylvania than  in  New  York. 

Feet. 

Upper  ^ group  or  Old  Red  ^ndstone — 

( red  shales  and  gray  and  red  sandstones  2000  to  4000 


Mid  dle  < 


11. 

10. 

9. 

8. 
wm 
/ . 

6. 


(.’hemung  group — gray,  blue,  and  olive 
coloured  shales,  and  gray  and  brown 
sandstones  . . . . 

Portage  gi’oui) — fine  grained  blue  flag- 
stones, with  blue  shale  partings 
Genesee  slate — brownish  black  and  bluish 
gray  slate  . . . . 

Tully  limestone,  according  to  Bigsby 
Hamilton  or  Moscow  shale — gray  shale 
vith  dark  browm  sandstone 
Marcellus  shale — black,  with  thin  aigil- 
laceous  limestone 


Lower  ^ 


V. 


5.  Corniferous  limestone  — light  gray  or 
straw  coloured,  with  chert  nodules 
4.  Tlie  Onondaga  limestone  comes  in  here 
in  New  York,  according  to  Bigsby, 
from  . , . . 

3.  Schoharrie  grit 

2.  Caudagalli  grit  argillaceo-calcareous  — 
thin  bedded  sandstone 
1.  Oriskany  sandstone 


1500  to  3200 

1700 

30  to  300 
10  to  20 

600 

150  to  300 

80  to  350 

10  to  40 
10 

50  to  300 
70  to  700 


It  appears  that  the  upper  division  contains  fish  of  the  genus 
Holoptychius,  plants  of  the  genera  Sigillaria  and  Lepidodendnm,  and 
other  fossils,  from  which  I should  at  once  refer  it  to  the  Carlx)niferous 
seriiis. 

The  middle  group  contains  Trilobites  of  the  genera  Phacops, 
Proetus,  and  Homalonotus,  together  with  Dalmanites  (a  division  of 
Phacop.s),  Atrv]>a  reticularis,  and  other  fossils,  together  with,  as  stated. 
Old  Red  Sandstone  fish,  and  shells  of  the  genera  Goniatites  and  Pro- 
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ducti,  together  •with  Halysites  cateniilaris,  and  other  Silurian  lorms, 
such  as  Tentaculitea 

The  Oriskaiiy  sandstone  contains  Orthi.s  unguifomils  and  other  fos- 
sils, and  Spirifera  inacroptera  and  Pleurodictyum  problematicum.  (See 
also  Dr.  Bigshy’s  pajMir  on  the  Palasozoic  rocks  of  N.  America,  Q.  J.  G.  S., 
vol.  xiv.) 

Old  Rtnl  Sand.stone  fish,  of  the  genera  Asterolepis,  etc.,  occur  with 
the  marine  sliells  (*S'<7i4nVi,  p.  462). 

Sir  W.  Logan  assign.s  a thickness  of  7000  feet  to  the  Devonian 
rock.s  of  Canada,  hut  they  thin  away  to  nothing  to  the  southwards, 
aii  on  tlie  Mis.sissippi  the  Caibonii‘erou.s  rocks  lie  directly  on  the 
Silurian  {ib.) 


Life  of  the  Period. 

A\niilc  the  helical  rock  groups  assigned  to  this  period  remain  in 
their  jiix'seiit  unsettled  state,  any  generalizations  as  to  the  life  of  the 
pericxl  are  very  hazardous. 

Tlie  fish  that  came  into  existence  before  the  close  of  the  Upper 
Silurian  Period  seem  to  have  died  out  soon  after  that  close,  and  were, 
after  a long  but  unknown  interval,  succeeded  by  numerous  other  forms  of 
fish  (those  mentioned  at  pp.  496  and  497).  Some  persons,  Mr.  Godwin 
Austen  especially,  have  suggested  that  these  were  fresh-'W'ater  forms  : 
some  of  them,  however,  are  appirently  as.sociated  with  marine  forms 
in  Russia  and  America  {Siluria,  p.  381,  etc.),  while  others  (Coccosteus 
at  Kiltorcan,  for  instance)  occur  certainly  in  company  with  land  plants 
and  fresli-water  shells. 

There  is  no  proof  that  any  true  Reptiles  yet  existed,  as  the 
Telerjieton  ami  Stagonolejns  of  Scotland  occur  in  sandstones  which 
cannot  be  certainly  affirmed  to  be  Old  Red  Samlstone,  and  appear  to  be 
isolated  patche.s  of  New  Reil. 

In  the  limestones  of  Devon  and  the  Eifel,  and  the  rocks  immedi- 
ately below  them,  we  seem  certainly  to  have  Trilobites  of  Silurian 
genera,  Bronteus,  Phacops,  Proteus,  and  Homalonotus,  wiiich  then  died 
out  and  became  extinct. 

Among  BrachiojK)d  shells  Spirifera;  l>ecome  much  more  abundant, 
and  Pi-mlucta;  make  ai)parently  their  first  apj)earance,  while  Pen- 
tamcri  become  extinct,  and  the  j)eculiar  forms  Calceola  and  Stringo- 
cephalus  both  commence  and  end  their  exi.stence. 

Tlie  curious  Conchifer  Megalodon,  and  .still  more  .singular  Zoophyte 
Pleurodictyum,  botli  appear  in  these  rocks  and  in  no  others.  Among 
Ceplialopcxla  the  Goniatites  appears  now  to  have  come  into  existence,  to 
which  we  must  add  Clymeuia,  if  the  rocks  containing  it  are  really  of 
the  Devonian  Period. 
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Among  the  Corals  there  are  many  peculiar  species  if  we  are  to  take 
uiK)ii  trust  all  the  minute  subdivisions  and  species-making  of  Messrs, 
Milne-Ed wards  and  Jules  Haime,  in  which,  liowever,  it  appeare  that 
Mr.  Lonsdale,  an  older  and  perhaps  sounder  autliority,  does  not  agree 
{Siluria,  p.  296,  note). 

Other  species  might  in  like  manner  be  mentioned  as  either  surviving 
into  the  Devonian  period  or  through  it,  or  commencing  in  it  and  then 
either  restricted  to  it  or  surriving  into  the  next  period,  if  till  the  pub- 
li.shed  lists  of  fossils  could  be  ttiken  as  trustworthy,  which  they  unfor- 
tunately cannot. 

Li  the  better  marked  American  series  there  certainly  appears  to 
be  a mingling  of  Silurian  and  Carboniferous  forms,  together  with 
others  peculiar  to  this  part  of  the  series,  the  several  groups  having  each 
a good  characteristic  assemblage  of  fossils. 

ITie  difficulties  met  with  in  the  determination  of  fossil  species  are 
doubtless  very  great  from  natural  causes,  and  may  in  some  cases  be 
even  insurmountable  in  coiLsequence  of  the  gradual  variation  and  pas- 
sage of  one  species  into  another  in  the  lapse  of  ages,  according  to  C. 
Dan\ln’s  views.  But  this  only  increavses  the  nece.ssity  for  great  caution, 
and  for  puttuig  a severe  restraint  on  the  tendency  to  multiply  generic 
and  specific  names.  One  of  the  greatest  benefits  to  geological  science 
to  be  derived  from  Mr.  Darwin’s  iffiilosophical  speculations  will  pro- 
bably be  this  union  of  many  varieties  under  one  specific  designation, 
and  the  recognition  of  the  variation  and  gradual  change  from  one 
species  to  another,  as  we  trace  the  fossils  thix)ugh  a series  of  beds. 

Note. — No  more  appropriate  place  perhaps  tlian  this  will  occur  for  a renewal  of  a pro- 
te.st  against  the  proceedings  of  a certain  class  of  iMilaiontologists,  whose  sole  object  in  life 
Rcenis  to  be  the  making  of  new  species  and  genera.  Natural  varieties,  or  im])crfcct,  broken, 
or  distorted  specimens,  have  been  made  into  new  species,  or  identifled  with  others  to  whicli 
they  do  not  belong,  to  such  an  extent,  as  often  to  utterly  per])lex  the  Held  geologist,  who 
looks  to  the  palax>ntologist  as  his  guide. 

Where  rocks  are  undisturbed  and  clear  sections  exist,  the  fleld  geologist  becomes  the 
lawgiver,  and  settles  the  order  of  the  rocks  him.self.  The  ])alteontologist  learns  this  order 
from  the  sections  of  the  geologist,  and  con.scquently  detenuines  the  order  of  his  fossil 
-groups,  an<l  working  with  the  geologist,  the  typical  rocks  and  their  characteristic  fossils 
may  thus  be  grouiied  and  arranged  as  authoritative  rules  to  guide  the  labours  of  others  in 
other  districts. 

Owing,  however,  to  the  multiplicity,  and  the  variation,  in  the  names  of  the  fossils,  these 
rules  are  written  in  a language,  or  rather  a succession  of  languages,  which  the  Injwe  of  a 
year  or  two  makes  obsolete  or  unintelligible,  and  owing  to  want  of  accuracy  in  determi- 
nation, statements  arc  derivetl  from  these  rulea  quite  at  variance  with  fact,  and  leading 
the  geologist  who  trusts  to  them  into  blunders  which,  without  a false  guide,  he  would  never 
have  committed. 
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The  peculiar  kind  of  rock  which  we  call  coal  is  not  strictly  confined 
to  any  part  of  the  series  of  stratified  rocks,  but  occurs  here  and  there 
in  different  parts  of  it,  from  the  lowest  to  the  highest.  Beds  of  good 
c.oul,  however,  are  much  more  abundant  in  one  j)ai'ticular  pjirt  of  the 
scries  than  in  any  other  jiart.  This  is  esj^ecially  the  case  in  Europe 
and  America.  The  group  of  rocks,  therefore  (or  formation),  in  which 
the.se  beds  of  coal  occiu-  is  called  the  Carboniferous  formation,  and  the 
period  of  time  during  which  that  fonuation  was  being  deposited  may 
hence  be  called  the  Carboniferous  period. 


Ireland. — In  no  European  country  is  the  lower  portion  of  the 
Carlxjniferous  formation  so  well  developed  and  so  cleaily  seen  as  in 
Ireland. 

Carhoniferom  Slate  and  Coornhola  Grits. — In  the  preceding  chapter 
mention  was  made  of  the  Old  Red  Sandstone  which  sets  in,  in  the 
counties  of  Kilkenny  and  Wexford,  as  a very  thin  depo.sit,  but  swells 
rapidly  out  in  Waterford,  and  acquires  enormous  bulk  in  Cork  and 
Kerry. 

In  the  two  latter  counties  the  Old  Red  &indstone  consists  of  a vast 
series  of  gi'een,  brown,  and  pur])le  gritstones,  interstrati  tied  with  green 
and  puq>le  slates.  This  series  is  coveiod  quite  confonnably,  as  may  be 
seen  in  the  country  round  Bantry  Bay.  and  thence  by  Skibbereen  to 
Kinside  and  Cork  Harbour,  by  other  grits  and  slates,  which  differ  from 
those  below  chiefly  in  the  entire  aKsence  of  red  colour,  and  the  pre- 
dominance of  gniy  pas.sing  into  black.  This  upper  series  has  been 
called  by  Sir  R.  Griffith,  Carbon iferou.s  slate.  In  Bantry  Bay  there  is 
not  much  change  in  the  apiKuirance  * of  the  sandstones  an<l  gritstones 
about  the  junction  of  the  Old  Red  Sandstone  and  Carboniferous  slate, 
so  that  the  boundarv  between  them  can  only  be  at  fii-st  determined  by 

V * 

noting  the  change  in  the  colour  of  the  slate  bands  that  lie  between 
the  grits. 


TYPIC.VL  ROCK  GROUPS. 
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Numerous  sections  might  be  drawn  in  many  parts  of  the  county 
Cork  to  shew  the  relations  of  these  rocks,  but  the  one  in  fig.  113  is 
taken  in  a ]>art  of  the  district  frecjuently  \’isited,  and  interesting  for  its 
picture.^que  b(»uty  as  well  as  its  geology.  It  explains  the  lie  and  posi- 
tion of  the  beds  on  the  east  side  of  Glengariff  Harbour,  in  Bantry  Bay. 


• •i/T/r  NORTH 

Coldtiff.  lAi* 


Fig.  113. 

Section  about  2i  miles  long,  from  S.  to  N.  across  the  hills  on  the  oa.st  side  of  Glengariff  Har- 
bour, and  iH-'tween  it  and  the  Glen  of  Coomhola. 


63.  Block  slate  with  calcareoJis  bands,  full  of  fossils. 

62.  Black  and  gray  slate,  with  few  fossils. 

61.  Gray  and  greeni.sh-gray  grits,  with  intcrstratified  black  and  gray 
slates,  with  marine  shell.s  and  some  plants  (Coomhola  grits). 

a2.  Gray  and  greenish-gray  grits,  interstratifie<l  with  green,  liver- 
coloured,  and  piiride  .slates,  containing  fragmenta  of  plants, 
the  beds  getting  rctlder  below,  and  plants  disappearing. 
Comstones  oc«’naionally. 

al.  Green  and  puqde  massive  grits  (Glengariff  grits),  and  thin  bands 
of  purple  slate.  Comstonc-s  occasionally. 


\ Carlxinifcrous 
j Slate. 

I Old  Red 

’’  Sandstone. 


About  Glengariff  and  about  Bear  Island,  and  thence  to  Dursey 
Island,  and  also  along  the  soutli  side  of  Kenmare  Bay,  from  Kilmacalloge 
to  Kilcatherine,  these  beds  are  admirably  shewn.  The  groups  called 
b*  and  in  section  113  cannot  be  less  than  2000  feet,  and  the  group 

called  (the  Coomhola  grit  group)  must  be  at  least  3000  feet  thick, 

so  that  we  may  .state  the  Carboniferous  slate  of  county  Cork  to  luivc 
a maximum  thickness  of  at  least  5000  feet. 

Characteristic  Fossils. — The  calcareous  bands  called  i*  have  numer- 
ous fossil.s,  among  which  are  the  following  : — 

Jictinozoa. 

Petraia  pleuriradialis  . Phil.  Pal.  foss.,  t.  12. 

Polyzoa. 

Fenestrella  antiqua  . . Phil.  Pal.  foss.,  t.  12. 

plebcia  . . Ibid, 


Athyris  Roi.ssyi  (?) 

squamosa 

Orthis  crenistria 


Brachiopoda. 

. M‘Coy,  Carb.  foss.,  t.  21,  fig.  6. 
. *Phil.  G.  Y.,  t.  10,  fig.  21. 

Phil.  G.  Y.,  t.  9,  fig.  6. 


* Phillipe's  Geology  of  Yorkshire. 
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Orthis  Michelini , 

resupinata 

Producta  scabricula 
Rhynchonella  pleurodon 


Phil.  G.  Y.,  t.  11,  fig.  13. 
Hid.  1. 

Ibid.,  t.  8,  fig.  2. 

Fosg.  gr.  14,  h. 


Fossil  group  No.  14 — Carboniferous  Slate  Fossils. 

а,  Spirifera  cuspidata. 

б.  Rhynchonella  pleurodon. 

0.  Avicula  Damuonicnsis. 


Spirifera  cuspidata 

disjuncta.(Vemeuillii) 

lineata  . 

imhricuta 

striata  . 

Stroplioineua  crenistria. 


d Modiola  M'Adami. 
e.  Cuculla-a  Hartlingii. 

/.  Curtonotus  elcgans. 

Foss.  gr.  1 4,  a. 

PhiL  Pal.foss.,  t 29  and  30. 
Pliil.  G.  Y.,  t.  10,  fig.  17. 

Ibid.  ibid.,  fig.  20. 
Foss.  gr.  1 6,  e. 


Conchifera. 

Avicula  Dainnoniensis, 

Modiola  M‘Adanii, 

Nucula,  gj>ecif8. 


Foss.  gr.  14,  c. 
Foss.  gr.  14,  d. 
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Echmod^rmatcu 


Actinocrinus  . 
Archroocidaris  (plates  of)  , 
Platycrinus 
Poteriocrinus  , 
Rhodocrinus  . 


Phil.  G.  Y. 

M‘Coy,  Garb,  foss. 
Foss.,  gr.  18. 

Phil.  G.  Y. 

Ibid. 


Crustacea. 

Phillipsia  pustulosa  . . . Foss.  gr.  1 8,  a, 

Cypridina  serrato-striata,  locally  in  great  abundance. 


In  the  group  or  the  Coonihola  grit  part  of  the  Carboniferous 
slate,  the  following  fossils  have  been  found  : — 

Plants. — Steins  of  “ Knorria”  (probably  portions  of  Cyclostigma) 
and  otlier  plants  identical  with  those  in  the  Old  Red  Sand- 
stone below. 


Brachiopoda. 

Almost  all  those  mentioned  above,  the  Rhynchonella  pleurodon,  an<l 
Spirifera  cuspidata  and  disjuncta,  most  abundantly,  w’ith  the  addition 
of  a large  Lingula. 


Conchifera. 


Avicula  Damnoniensis 
Aviculopectcn  species 
Cucullfloa  Hartlingii 

traj>eziiuu  . 

Curtonotus  elegans 
Dolabia  securiform  is 
Sanguinolite.s  jilicatus 
Modiola  APAdami  . 
Myalina  species. 
Mytilns  species. 
Nucula,  large  species. 


Foss.  gr.  1 4,  c. 

M‘Coy,  Carb.  foss. 

Foss,  gr.  14,  e. 

PhiL  PaL  foss.,  t 19. 
Foss.  gr.  14,/. 

M‘Coy,  Carb.  foss.,  t.  11. 

Ibid.,  t.  10. 
Foss.  gr.  14,  fZ. 


Pteropoda  or  Heteropoda. 

Bellerophon  striatus  . . Phil.  Pal.  foss.,  t.  40. 

■ ■,  rounded  specieSy  sharply  keeled  specieSj 

and  trilobed  species. 


Cepludopoda. 

Orthoceras,  species. 

(Sec  Xotes  On  Classifcation  of  Dev.  and  Car.  Rocks  of  S.  of  Irelandj 
by  J.  W.  Salter  and  J.  B.  J.  Journal  Dub.  Geol.  Soc.y  vol  >ii.  ; 
and  Explan,  of  Sheets  197  and  198  of  O.  S.  /.,  and  forthconnng 
E.rplan.  of  Sheets  192  O.  S.  /.) 
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Tills  Coomhola  grit  series  is  clearly  identical  with  the  Marwood 
Sandstone  group  of  Devonshire  (ib.),  but  in  the  soutli  of  Ireland  its 
relation  to  a vast  thickness  of  Old  Red  Sandstone  below  it,  jilaces  it, 
in  accordance  with  the  palaeontological  evidence,  as  clearly  in  the  Car- 
boniferous group,  and  fonning  the  Imse  of  the  great  Carboniferous  series. 

It  is  remarkable  that  the.  boundary  between  it  and  the  Old  Red 
Sandstone  below,  as  drawn  from  lithological  characters  and  cliiefly  the 
mere  colours  of  the  rock,  is  in  harmony  with  the  palaeontological 
chaiacter  of  the  occurrence  of  marine  shell*.  No  undoubtedly  marine 
remains  are  to  be  found  in  the  red  rocks,  but  as  soon  as  the  red  tints 
disappear,  we  get  Brachiopoda  and  Conchifera  of  marine  characters. 

If  the  Coomhola  grits  be  classed  with  the  Carboniferous  series,  the 
so-called  Upper  Devonian  of  Devonshire  and  the  Rhine  (the  Marwood 
.sandstones  and  the  Spirifera  Vemeuillii  schists,  etc.)  must  also  be  called 
Carboniferous. 

Tliere  is,  however,  something  very  noteworthy  in  the  iiuxle  of  occur- 
rence of  the  Carboniferous  slate  (including  the  Coomhola  grits)  in  tlie 
south-west  of  Ireland,  which  may,  perhaps,  eventually  turn  out  to 
be  in  harmony  with  a classifiaition  which  should  make  them  a 
distinct  sub-group  in  combination  with  the  upper  jmrt  of  the  Old  Red 
Sandstone. 

If  we  draw  a j)arallel  of  latitude  through  the  tow'iis  of  Kenmare, 
Macroom,  and  Cork,  the  great  development  of  Carboniferous  slate  lies 
w’holly  south  of  that  line.  If  we  examine  the  neighbourhood  of  the 
city  of  Cork  itself,  we  find  the  Old  Red  Sandstone  with  plants  in  its 
uj)per  beds,  and  a very  short  distance  above  that  we  get  solid  Carboni- 
ferous limestone,  with  some  black  shales  or  slates  between  the  two,  but 
not  more  than  200  or  300  feet  in  thickness.  Pas.sing  southwards  to 
the  mouth  of  the  harlx»ur  by  Monk.stown  or  Queenstown,  and  then  by 
Carrigaline  and  Coolmore,  these  intennediate  black  slates  or  shales 
thicken  to  2000  or  3000  feet,  still  having  the  Old  Red  below’  and  the 
(.'arboniferous  limestone  above  ; but  going  still  further  .south  by  Ringa- 
bella  to  Kinsale,  the  dark  gray  slates  and  gray  giits  thicken  rapidly  to 
5000  or  6000  feet,  and  are  nowiiere  covered  by  any  part  of  the  Car- 
boniferous limestone,  though  they  shew  here  and  there  highly  calcare- 
ous bands. 

Tlie  whole  of  the  rocks  are  thrown  into  numerous  anticlinal  and 
synclinal  curves,  over  mtmy  interrupted  axes  which  strike  very  steadily 
from  E.N£.  to  W.S.W. ; and  the  headlands  and  bays  along  the  south  coast 
of  Cork  exhibit  numerous  transverse  sections  across  the  beds,  so  that 
no  mistake  can  be  made  lespecting  the  facts. 

On  tracing  the  beds  round  into  Bantry  Bay,  across  the  anticlinal 
ridges  of  Old  Red  Sandstone  that  form  Caj>e  Clear,  the  Mizen  Head,  and 
Sheep’s  Head,  we  find  the  uppennost  beds  at  the  head  of  Bantrj’  Bay 
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becoming  actual  limestone,  as  if  the  Carboniferous  limestone  had  only 
just  been  removed  from  them.  Following  them  again  over  the  anti- 
clinal ridg(>  that  ends  in  Dursey  Island  into  Kenniare  Bay,  we  again 
find  the  Carlwiiiferous  slate  in  the  hollow  of  the  s^'nclinal,*  as  far  as 
Sneem  and  Clonee.  Beyond  these  points,  however,  the  Old  Red  Sand- 
stone betls,  which  dip  beneath  the  waters  of  the  bay  from  each  side, 
seem  to  close  more  together,  and  exclude  the  Carboniferous  slate,  and 
when  the  head  of  the  bay  is  reached,  the  flat  land  is  composed  of  solid 
limestone,  with  a thickness  of  not  more  than  1 00  feet  of  black  shales 
and  grits  between  the  bjise  of  the  Carboniferous  limestone  and  the  top 
of  the  Old  Red  Sandstone. 

The  section  then  is  Tike  that  shewn  in  fig.  Ill,  where  the  Lower 
Limestone  shale  just  100  feet  thick,  is  interposed  between  the  toj» 
of  the  Old  Red  Sandstone  /,  and  the  Carbonifennis  limestone  /<. 

Kenniare  is  not  more  than  ten  miles  from  Glengarilf,  in  a direct 
line,  so  that  within  that  disbince  the  rocks  next  above  the  top  of  the 
Old  Red  Sandstone  vary,  as  i.s  shewn  in  the  two  section.**,  figs,  ill  ami 
113,  and  that  without  any  .appearance  of  di.scortlance  or  interruption, 
but  apjiarently  by  the  gradual  intercalation  towanls  the  south  of  a 
series  of  beds  5000  feet  thick,  which  are  entirely  wanting  over  all  the 
country  to  the  northward. 

Tlie  little  group  of  calcareous  bands,  called  A®  in  section  fig.  113, 
resembles  the  small  group  of  shales  that  occur  beneath  the  lime.stoue 
at  Kenniare,  and  the  two  sets  of  beds  are  probably  tlie  same,  and  form 
the  Lower  Limestone  shale  presently  to  be  described — the  Carboniferous 
slate  and  Coomhola  grits  coming  in  below  as  a distinct  sub-group 
between  the  Lower  Limestone  shale  and  the  Old  Red  Sandstone. 

Carhoniferoiis  Limestone  and  Coal-measures. — If,  after  examining  the 
Carboniferous  slate,  we  proceed  north waixls  through  Iieland,  sui-veying 
the  Carboniferous  rocks  right  and  left  as  we  proceed,  we  shall  find  that 
they  consi.st  at  first  of  tw’o  groups  only — viz.,  the  Carboniferous  lime- 
stone below,  and  the  Coal-measures  above. 

The  Cai'honiferous  Limestone  has  a total  maximum  thickness  of 
about  3000  feet,  varying,  howev^er,  in  different  places,  especially 
where  it  rests  unconformably  upon  an  irregular  surface  of  lower  rock.s. 

Lower  Limestone  Shale. — Where  its  base  is  fully  developed,  it  is 
always  found  to  con.sist  of  beds  of  black  shale,  which  we  may  call  the 
Jx>wer  Limestone  shale,  generally  about  150  feet  thick,  sometimes,  }>er- 
haps,  not  more  than  20,  sometimes  a.s  much  as  300.  This,  in  the 

• Tin*  ^headlands  of  the  south-west  of  Ireland,  from  Kerry  Head  to  Cape  Clear,  are  all 
foniicd  of  aiitielinal  ridges  of  Old  Red  .Sandstone,  while  the  indentations  of  Tralee  Ray,  Dingle 
Bay,  and  Keninare,  Rantrj*,  Dunnianus,  and  Roaring  Water  Bays,  have  all  been  woni  in  the 

more  easily  destructible  Carboniferous  rocks  which  lie  in  the  synclinal  troughs  between  the 
anticlinals. 
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absence  of  the  Carboniferous  slate,  rests  directly  on  the  Old  Red  Sand- 
stone, and  seems  even  to  graduate  into  it,  the  dai-k  shales  alternating 
with  beds  of  yellow  sandstone  below,  and  with  thin  courses  of  limestone 
above. 

In  such  places  there  seems  to  be  a perfect  blending  and  continuity 
between  the  Old  Red  Sandstone  and  the  Carlx)niferous  limestone,  the 
Lower  Limestone  shale  forming  what  would  be  called  the  passage  beds, 
notwithstanding  which  there  is  a gap  which  is  elsewhere  tilled  by  a 
dejwsit  of  at  least  5000  feet  thick  between  the  two. 

The  Lower  Limestone  shale  has  generally  a peculiar  assemblage  of 
fossils,  formed  of  a few  species  that  range  through  the  limestone,  but 
are  nowhere  found  in  such  especial  abundance  as  in  this  lower  part  of 
it,  fi-om  which  other  species  elsewhere  abundant  are  absent. 

These  are  tlie  species  mentioned  at  j)p.  507  and  508  as  characteris- 
tic of  the  group  b*. 

The  Carboniferous  Limestone  of  the  south  of  Ireland  is  perhaps  one 
of  the  largest  aggregates  of  beds  of  limestone  to  be  seen  anywhere  in 
the  world.  The  most  usual  character  is  a gray  fine-grained  or  com- 
pact limestone,  sometimes  dark,  sometimes  light,  sometimes  mottled, 
with  ocaisional  red  streaks  and  bands  in  some  of  the  beds.  In  some 
places  it  contains  beds  of  black  shale,  and  becomes  earthy  in  its  middle 
p()ition,  and  sometimes  the  whole  of  it  except  the  lower  part  puts  on 
this  elialy  and  earthy  character.  Tliis  middle  earthy  and  shaly  part 
luis  been  called  Cal]),  from  a local  tenii  signifying  “ black  shale.” 

Black  chert  is  often  develo]>ed  in  the  limestone,  rows  of  nodules  and 
scams  of  it  a])pearing  in  great  abundance,  sometimes  in  one  part  and 
sometimes  in  another. 

The  Carboniferous  limestone  of  south  Ireland  usually  forms  low 
gently  undulating  ground,  and  its  beds  are  seen  only  in  short  sections, 
or  in  scattered  (|uarries.  This  induced  me  for  some  time  to  doubt 
whether  the  real  thickness  was  so  great  as  appeared  from  these  isolated 
indications,  until  in  the  course  of  the  geological  survey  we  hatl  examined 
the  hills  of  Burren  in  County  Clare,  on  the  one  side,  and  those  of 
Queen’s  County,  on  the  Other. 

In  Bm-ren  es])ecially,  the  up|)er  part  of  the  limestone  is  magnifi- 
cently exposed.  A range  of  hills,  rather  more  than  1000  feet  in 
height,  sweeps  for  about  20  miles  along  the  south  side  of  Galway  Bay, 
Thev  are  formed  entirely  of  bare  rock  from  the  sea  level  to  the  hill 
toj)s,  the  only  soil  being  found  in  crevices  of  the  rock,  or  in  jialches  in 
the  hollows  of  the  valleys.  Tliis  rock  is  all  limestone,  in  regular  beds, 
which  dip  gently  to  the  south,  at  an  angle  of  l4®  only,*  and  counting 

* Mr.  F.  J.  Foot,  who  ann'eyetl  thi»  district,  and  inysolf,  wore  onahlod  t-o  dctennlno  tlie 
dip  of  Uie  with  the  most  perfect  accuracy,  by  means  of  the  heights  given  on  the  six- 
inch  onlnaiicc  iuni>s.  In  two  or  three  jdaecs  we  could  walk  on  the  topmost  bed  of  limestone 
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from  the  lowest  bed  that  rises  out  on  the  sea-shore,  to  the  uppermost, 
which  caps  the  summit  of  the  hills  tliree  or  four  miles  to  the  south- 
ward, there  must  be  a thickness  of  at  least  1600  or  1700  feet  of  solid 
limestone  shewn  here.  Tlie  beds  can  be  perfectly  traced  round  the 
promontories  of  the  hills,  and  up  the  recesses  of  the  valleys,  through  a 
winding  line,  the  extremities  of  which  are  full  20  miles  apart,  and 
throughout  that  distance  Mr.  Foot  informs  me  that  there  is  not  a trace 
of  a fault  or  disturbance,  or  even  an  undulation  in  the  beds.  Terraces 
of  20  yards  in  breadth  have  been  worn  here  and  there  on  the  top  of 
some  particular  bed,  and  may  be  walked  along  for  many  miles  round 
the  sides  of  the  hills  and  valleys,  which  resemble  great  stairs,  or  vast 
amphitheatres.  They  are  not,  however,  very  easy  to  traverse,  since  the 
rocks  are  so  cut  by  several  systems  of  joints,  and  those  joints  are  so 
worn  and  opened  by  the  action  of  the  weather,  that  each  exposed  bed 
is  cut  into  blocks  by  deep  fissures,  and  the  uppermost  blocks  are  often 
loose  and  tottering,  and  worn  into  rough  knobs  and  holes  by  the 
meclianical  and  chemical  action  of  the  weather.*  Throughout  the 
thickness  of  1600  feet,  but  one  band  of  chert  nodules  is  to  be  seen, 
and  not  a single  inch  of  shale  or  any  other  rock  but  gray  limestone, 
every  bed  of  which  seems  to  be  composed  mainly  of  the  minutely 
broken  fragments  of  the  joints  of  encrinites. 

The  upper  part  of  the  limestone  thus  admirably  exposed  in  this 
hill  country,  forms  probably  about  half  the  whole  formation,  the  low’er 
portion  spreading  to  the  east  over  a low  country,  from  beneath  w’hich 
the  Old  Red  Sandstone  rises  gently  out  on  to  the  hills  called  Slieve 
Boughta. 

In  some  other  districts,  as  for  instance  in  Limerick  and  the  south  of 
Clare,  Mr.  Kinahan  and  Mr.  Foot  could  have  divided  the  Carboniferous 
limestone  into  three  or  four  subordinate  groups  by  lithological  cha- 
racters, w’hich  were  constant  for  many  miles,  and  in  the  neighbourhood 
of  Dublin  Mr.  Du  Noyer  and  I have  divided  it  into  tw’^o,  an  upper  and  a 
lower  limestone.  None  of  these  subdivisions,  however,  have  any  more 
tlian  a local  cliaracter,  and  none  of  tliem  are  supported  by  i>aljBontological 

with  a little  cliff  of  coal-meosnirc  shale  close  to  us  resting  on  that  bed,  for  distances  of  half 
or  three-quarters  of  a mile  down  the  gentle  slope  of  the  dip,  from  the  spot  where  one  alti- 
tude was  given  to  that  where  another  appeared  on  the  map— the  difference  of  tlie  alti- 
tudes, of  course,  gi>ing  us  the  fall  in  tlie  distance  traversed.  TlUs  was  always  1 in  41, 
which  is  almost  exactly  1|*. 

• Tlic  picturesque  atmospheric  effects  of  sunshine  and  cloud  uj>on  these  hills  of  pale  gray 
stone,  with  their  sculpture*!  tops  and  terraced  sides,  and  their  deeply-winding  valleys,  along 
which  the  slightly-inclined  lines  of  stratification  recede  to  the  vanishing  point,  are  often  most 
]>eculiar,  and  such  as  I never  saw  in  any  other  part  of  the  world,  while  the  setting  sun 
converts  the  pale  gray  into  exquisite  tints  of  violet  and  nise  colour.  The  detached  outlying 
hills  often  reseinhle,  at  a distance,  vast  fortresses  with  lorg  sloping  stone  glacis,  from  which 
nutneruDs  curtain-walls  rise  at  intervals,  one  above  another,  till  they  tenuinate  in  a small 
citadel  at  the  top. 
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characters  depending  on  time,  but  only  by  such  as  depend  on  the  nature 
of  the  place  of  deposit. 

Coal-measares. — Over  all  the  south  of  Ireland  the  Carboniferous 
limestone  is  succeeded  by  a series  of  black  shales  and  gray  gritstones  or 
flagstones,  containing  in  their  upper  portion  thin  beds  of  coaL — (See 
section,  fig.  1 1 4.) 

These  Coal-measures  may  be  subdivided,  a.s  they  arc  in  this  section, 
into  three  sub-groups. 


Section  of  the  Slicvardagh  Coalfield,  County  Tipperary. 
Length  of  aectfon,  about  1^  mile. 
hS  Black  ahalcs  and  gray  grits  containing  nine  small  beds  of  coal 
f>2  Flagstone  series  (gray  sandy  flags  with  black  shales) 

M Black  shales,  with  occasional  bands  of  thin  grit  . . . . 

« Carboniferous  limestone. 


Feet. 

1300 

TOO 

800 

2800 


Tliese  sub-groups  are  recognisable  throughout  the  counties  of  Cork, 
Limerick,  and  Clare,  Tipiiemry,  Queen’s  County,  Carlow,  and  Dublin, 
wherever  a sufficient  thickness  of  the  Coal-measure  group  comes  over  the 
limestone.  The  lower  one,  6‘,  has  a very  distinct  assemblage  of  fossils, 
which  always  occur  in  it,  and  sometimes  in  the  greatest  profusion,  and 
in  the  most  excellent  state  of  preservation.  These  fossils  are  the  fol- 
lowing : — 


Koninck,  t.  5. 

M‘Coy,  Carb.  foss. 

Expl.  142,  G.  S.  J. 

Phil.  Pal.  fo.ss.,  t.  20. 
M‘Coy,  Carb.  fo.ss.,  t.  13. 
Phil.  G.  Y.,  L 19. 

Gold  fuss. 

Phil.  G.  y.,  t.  21. 

The  flagstone  series,  is  equally  characterized  by  tracks  of  marine 
animals  (mollu.sca  or  annelida),  sometimes  of  the  most  remarkable  cha- 
racter, the  whole  surface  of  large  slabs  being  a matted  network  of  long 
tortuous  impressions,  indentations  on  the  upper  surface,  and  ridges  or 
casts  of  indentations,  on  the  lower  surfaces  of  the  flagstones.  (See  Mr. 
Daily’s  Palceontological  Notes  in  the  Explanation  of  .sheets  102  and  112, 
and  1 4 1 and  1 4 2 of  G,  S.  I.) 


Aviculo{>ecten  papyraceus 

variabilis 

Lunulacardium  Footii  . 
Posidonomya  Becheri  . 

membranacea 

Goniatites  spluencus  . 
Orthoceras  scalare 
Steinhaueri 
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If  we  tabulate  the  grouj)s  of  the  Carboniferoua  formation  as  it  exists 
in  the  south  of  Ireland,  and  give  each  group  its  maximum  thickness, 
we  shall  have  the  following  series ; — 

Feet. 

(c.  Shales,  etc.,  with  coal  . . 1800 

3.  Coal-measures.  Flagstone  series  . . . 500 

(a.  Lower  shales  . . . 800 

3100 

b.  Subdivisions  varying  in  different 

parts  ....  2800 

a.  Lower  lime.stone  slmle  . 200 

3000 


2.  Carboniferous 
Lime.stone. 


1.  Carboniferous  j b.  Black  slate  . . . 2000 

Slate.  ( a.  Do.,  Avith  Coomhola  grit  . 3000 

5000 

Yellow  sandstone,  or  Upper  Old  Red  Sandstone,  800  or  900 


12,000 


North  of  Ireland. — In  the  north  of  Ireland,  according  to  the  map  of 
Sir  R.  Griffith,  the  Carboniferous  formation  is  capable  of  still  further 
sub-division,  and  consists  of  the  following  groups  : — 


Feet 

2.  Coal-measures. 

f Coal-measures 

2000 

[ Millstone  grit 

• 

500 

2500 

Upper  lime.stone 

500 

Upper  calj)  shale 

500 

1.  Carboniferous 
Limestone. 

Calp  sandstone 

300 

r 

Lower  calp  .shale 

500  ^ 

Lower  limestone 

800 

Lower  limestone  shale 

100 

2700 

Yellow  sandstone  ..... 

• 

• 

500 

5700 

Tlie  ])rincipal  differences  between  the  north  and  south  arc  in  the 
development  of  thick  sandstones  in  the  lower  part  of  the  Coal-mea.su res 
in  the  north,  foi-ming  a group  like  the  Millstone  grit  of  Derbyshire,  and 
the  separation  of  the  Carboniferous  limestone  by  the  development  of  a set 
of  shales  and  sandstones  called  “ the  Calp*’  in  its  central  portion,  and  the 
entire  absence  of  the  Carboniferous  slate  group.  Tlie  coals  also  in  the 
upper  part  of  the  Coal-measures  are  good  coals,  of  the  character  called 
bituminous,  while  tho.se  of  the  south  of  Ireland  are  n»ore  anthracitic. 
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The  Carlwniferous  series,  as  thiLs  described,  may  be  seen  in  the 
counties  of  Leitrim,  Fermanagh,  and  Armagh. 

Great  Britaix. — In  examining  the  C^boniferous  series  of  Great 
Britain,  the  simplest  way  will  be  to  commence  on  the  south,  as  in 
Ireland. 

Devon  a7id  Cot'nicall. — In  this  district  we  have  a certain  resem- 
blance to  the  coimty  Cork.  It  is  probable  that  a lai^  part  of  the 
slates  called  killas  are  of  the  age  of  the  Old  Red  Sandstone,  They 
are  coloured  in  all  late  geological  maps  {ex.  gr.,  those  of  Greenhough, 
Murchison,  and  Ramsay)  with  the  Old  Red  Mudstone  colour.  Some  of 
them,  however,  including  the  Marwood  sandstones,  are  certainly  of  the 
same  age  as  the  Carlx>niferous  slate  of  Cork.  Over  these  come  a series 
of  slates  containing  Carbordferous  plants  and  beds  of  Culm,  with  a band 
of  limestone  here  and  there  in  their  lower  part.  This  limestone  con- 
tains Posidonomya  and  other  fossils,  from  which  it  lias  been  paralleled 
with  the  great  Carboniferous  limestone,  and  over  it  are  beds  of  sand- 
stone supjKised  to  represent  the  Millstone  grit.  Possibly  the  Culm- 
measures  of  Devon  may  hereafter  turn  out  to  be  the  representative  of 
the  lower  Coal-measures  only,  resting,  perhaps  unconformably,  on  the 
Carboniferous  slate  rocks. 

South  Wales. — The  section  given  in  fig.  Ill,  and  the  one  which 
follows  (fig.  115),  will  explain  the  structure  of  the  great  South  Welsh 
coal-field,  and  the  neighbouring  ones  of  the  Forest  of  Dean  and 
Bristol. 


SOOm  ITOMH 


DiAgrammatic  section  acroAs  the  northern  edge  of  the  coal-field  of  8.  Wales. 


This  is  dt^uced  (omitting  the  fiexures  of  the  beds  and  other  details)  from  sheet  8 of  the 
horixontal  sections  of  the  Geologicml  Suirey,  drawn  across  the  centre  of  the  field  between 
Bwansea  and  Llandeilo  fawr,  by  Sir  W.  Logan. 

Feet. 


<1.  Coal-measures,  with  50  l>ed8  of  coal  varying  from  6 inches  to  0 f»>ct  9000 

c.  Farewell  rock  (Millstone  grit) 

6.  Carlx)niferou8  limestone 600 

a.  Old  Red  Sandstone. 


In  fig.  115  no  notice  is  taken  of  the  shaly  base  of  the  Carboniferous 
limestone,  which  ueverthele-ss  exists  os  drawn  by  Professor  PhiUij>s  in 
section  fig.  Ill,  and  i.s  a constant  member  of  the  series  throughout 
the  district,  as  it  is  over  tlie  south  of  Ireland.  (See  also  sections  in 
Mems.  Geol.  Sut'ceg^  vol.  i.) 

The  general  description  of  the  formation  in  this  district  may  be 
given  as  follows,  assigning  the  maximum  thickness  to  each  group  : — 
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4.  Coal-measures 

3.  Millstone  grit,  or  Farewell  rock 
2.  Carboniferous  limestone 
1.  Lower  limestone  shale 
Old  Red  Sandstone. 


Feet 

7000  to  12,000  . 
1,000 
500  to  1,500 
200 


1.  The  Lower  Limestone  shale  consists  of  dark  earthy  shales, 
occasionally  interstratified  with  yellowish  siuulstones  below,  and  always 
with  thin  flaggy  limestones  in  its  upi>er  part.  It  seems,  therefore,  to 
graduate  downwaitls  into  the  top  of  the  Old  Red  Sandstone,  as  well  as 
upwanls  into  the  Carboniferous  limestone.  According  to  Mr.  Stilter,  it 
contains  preci.sely  the  same  fossils  as  are  found  in  it  in  Ireland. 

2.  Carboniferous  limestone. — A series  of  compact  limestones,  thick 
and  thin  bedded,  of  various  shades  of  gray  and  red,  sometimes,  as 
near  Bristol,  interstratified  with  brown,  gray,  and  red  shales  below,  and 
\^ith  shales  and  sandstones  (often  red)  in  the  upixjr  portion, " Tliickne.ss 
500  to  1500  feet. 

3.  Millstone  grit  or  Farewell  rock. — A series  of  sandstones,  hard, 
quartzose,  white  or  gray,  and  near  Bristol  red.  Ma.\imum  thickness 
about  1000  feet. 

4.  Coal-measures. — An  enonnous  series  of  alternations  of  many 
hundred  Ijeds  of  shales,  sandstones,  and  coals,  the  latter  varying  from 
one  inch  to  seven  or  eight  feet  in  thickness,  twenty-five  of  them  l>eing 
more  tlian  two  feet.  The  total  thickness  of  the  whole  group  is  not 
less  than  7000  feet,  and  is  believed  in  some  places  to  be  even  as  much 
as  12,000  feet.  {Mems.  Geol.  Survey,  vol.  i.,  p.  202). 

Near  Bristol  the  Coal-measures  are  thinner,  and  are  <livisible  into 
three  sub-groups,  having  a central  band  of  hard  sandstones  called 


Pennant. 

Feet. 

c.  Upper  Coal-measures,  with  10  coals  . . 1800 

b.  Pennant  series,  ^^'ith  6 coals  . . . 1725 

a.  Lower  Coal-measures,  with  36  coals  . . 1565 


Total  Coal-measure  series  . . 5090 


This  central  band  of  sandstones  is  traceable  al.so  in  South  Wales, 
by  means  of  a hard  quart-zose  sandstone  calletl  Cockshoot  rock. 

The  stnicture  of  the  lower  groups  is  also  peculiar  ; a section  of 
them  is  given  in  great  detail  from  the  measurements  of  Mr.  D.  Williams, 
in  the  first  volume  of  “Memoirs  of  the  Geological  Sun'ey.”  If  we 
take  the  first  ten  di\'isions  of  tliat  section  for  Millstone  grit,  and  put 
the  others  into  groups  with  Irish  designations,  they  would  be  as 
follows  : — 
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Nos. 

1 to  10. 
11  to  169. 


170  to  296. 

297  to  374. 
375  to  489. 
490  to  540. 
541  to  587. 


Millstone  grit  (partly  red  sandstone) 

Upper  limestone  (the  first  370  feet  con- 
taining many  red  sandstones  interstrati- 
fied  ^rith  the  limestones) 

Calp  (Idack  and  brown  argillaceous  lime- 
stones and  shales) 

Lower  limestone 

Lower  limestone  shale  (Carboniferous  slate) 
Yellow  sandstone  series  . 

Old  Red  Sandstone 


Ft  In. 

975  9 


576  0 

477  0 

766  4 

411  0 

293  10 
474  7 


3974  6 

In  the  Forest  of  Dean  coal-field,  the  tliicknesses  given  above  are 


diminished  to  about  one-third,  or 

Feet. 

Coal-measures,  with  31  coals  . . 2400 

Millstone  grit  . . . . 455 

Carboniferous  limestone  . . . 480 

* Lower  limestone  shale  . . . 165 


— {Mentis.  Oeol.  Survey y vol.  i.,  pp.  129,  203,  206). 

Midland  Counties. — In  the  centre  of  England  we  get  the  coal-fields 
of  Leicestershire,  Warwick.shire,  South  Staffordshire,  and  Coalbrokedale, 
and  other  smaller  ones  near  Shrewsbury,  which  differ  from  those  both 
north  and  south  of  them  in  being  defective  at  their  base.  They  con- 
sist principally  of  Coal-measures  only,  resting  on  Cambrian  or  Silurian 
rocks,  without  the  intervention  of  any  Old  lied  Sandstone  or  Carboni- 
ferous limestone. 

Carboniferous  limestone  sets  in  again  at  the  Northern  sides  of  the 
Leicestershire  and  Coalbrokedale  coal-fields,  and  the  Old  Red  Sandstone 
sets  in  to  the  south  of  the  latter,  and  underlies  the  coal-field  of  the 
Forest  of  Wyre,  letting  in  a thin  ])ortion  of  Carboniferous  limestone 
about  the  small  coal-field  of  the  Brown  Clee  Hill  ; but  the  Coal- 
measures  overlap  these  as  they  die  out  from  the  north  and  the  south 
respectively,  and  repose  indiscriminately  on  any  lower  rocks  there 
may  be. 

It  seems  as  if  a narrow  rocky  island  or  chain  of  islands  hatl 
stretched  east  and  w’cst  across  the  centre  of  what  is  now  England 
during  the  early  part  of  the  Carboniferous  period,  so  that  while  the 
Carboniferous  limestone  was  being  formed  in  the  seas  to  the  north  and 
south,  it  died  out  as  it  approache<l  this  ridge  of  dry  land. 

At  the  still  earlier  period  of  the  deposition  of  the  Old  Red  Sand- 
stone, this  barrier  seems  to  have  been  wider  and  more  persistent,  and 
to  have  extended  through  what  is  now  Ireland,  since  the  Old  Red 
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Sandstone  dies  away  as  we  proceed  from  the  south  to  the  centre  of  both 
countries,  and  does  not  again  appear  except  as  detached  patclies,  until 
we  reach  tlie  centre  of  Scotland. 

During  the  latter  part  of  the  Carboniferous  period,  however,  tlie 
barrier  was  depressed,  and  the  water  in  which  the  Coal-measures  w'ere 
deposited,  extended  over  it,  so  that  this  upper  part  of  the  formation  was 
spread  continuously  across  from  the  regions  of  the  soutli  to  those  of 
the  north  (See  ante^  p.  304). 

The  North  of  England  and  Wales. — To  the  north  of  the  district  just 
mentioned,  the  Carboniferous  formation  is  magnificently  developed.  - 

In  North  Wales  and  Cumberland,  the  base  of  the  series  may  be 
seen  resting  chiefly  on  Upper  and  Lower  Silurian  rocks,  with  scra|xs 
and  patches  of  Old  Red  Sjindstone  appearing  here  and  there  in  the 
hollows  of  those  rocks  below  the  limestone. 

Tlie  Carboniferous  limestone  is  generally  about  1000  feet  in  thick- 
ne.ss  or  sometimes  1 500,  chiefly  pure  compact  limestone,  but  taking  in 
here  and  there  bed.s  of  black  shale.  It  is  covered  by  beds  of  shale,  w’ith 
thick  beds  of  sandstone  gnuluating  up  into  a series  of  sandstones  and 
shales,  containing  beds  of  coal.  Tlicse  form  the  groups  known  as  the 
Millstone  Grit  and  the  Coal-measures. 

Pennine  Chain  ^ from  Derbyshire  to  the  Cheviots. — There  rises  gradu- 
ally from  the  central  plains  of  England  a broad  ridge  of  wild  moorlands, 
the  summits  of  which  are  often  2000  feet  above  the  sea.  This  is 


"WEST  XAST 


Diagramrantic  aection  acro.sa  a part  of  the  Derbysbire  coalfield. 

^Reduced  from  sheet  (50  of  the  llorizonUil  Sections  of  the  Qeologic^il  Survey  (drawn 
by  W.  T.  Avcline),  omitting  flexures  and  faults. 

Pennian  ( /.  Magnesian  Limestone. 

Rocks.  1 g.  Rothctodtlicgendc  (occasional). 

Feet. 


(Joal  mca-  f above  the  Canister  set  2100 

sure.s  j coals  and  sandstones 1000 

Carboni-  ( Ut-jg  below  the  Canister 600 

ferous  -J  c.  Mill.stone  f 

R«>ck8  Crlt  ( Grits,  sandstones,  and  shales,  with  thin  coals  . 350 

I b.  Cpixjr  Limestone  shale  (black  shales) 250 

la.  Carboniferous  Limestone  (about) 1000 


5300 


formed  of  a broad  anticlinal  curve,  a good  deal  broken  by  large  faulta 
along  its  north-west  flank  towards  Westmoreland  and  Cumberhuid. 
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In  Derbyshire  the  Carboniferous  limestone  rises  to  tlie  surface  about 
the  central  jxu-tion  of  the  anticlinal  curve,  and  is  deeply  cut  into  by 
pictures<jiie  valleys,  though  tlie  base  of  the  series  is  nowhere  exposed. 

As  the  ridge  sinks  towards  the  south,  the  beds  are  overlapped  and 
concealed  by  the  New  Red  Sandstone,  but  on  each  flank  of  the  ridge  a 
section  is  shewTi  more  or  less  closely  identical  with  that  given  in  the 
j)receding,  fig.  1 1 G. 

The  Coal-measures  mentioned  in  the  above  section,  extend  from 
Nottingham  to  Leeds,  on  the  east  side  of  the  anticlinal,  while  on  the 
west  side  they  fonn  the  coalfields  of  North  Staffordshire,  CTieshire,  and 
Lancashire.  In  these  coalfields  there  is  a mucli  greater  thickness  of 
Coal-measures  and  also  of  Millstone  grit  and  Upi>er  Limestone  shale, 
tlian  on  the  eastern  side.  Mr.  HuU  gives  the  following  as  the  section 
of  North  Staffordshire  in  the  Horizontal  Sections  of  the  Geological 
Survey,  sheets  42  and  55  : — 


Pennian  rocks 

Feet 

600 

4.  Coal-measures  (in  three  sub-di^dsions) 
3.  Millstone  grit 
2.  Yoredale  rocks 
1.  Carboniferous  Limestone 

5000 

4000 

2300 

4000 

15,300 

Tlie  Lancashire  district  is  stated  by  Mr.  Hull  to  shew  the  followiiij 
beds : — 

Feet 

New  Red  Sandstone  . . . 4000 

Permian  .....  500 

3.  Coal-measui'es  (in  three  sub-divisions) 
2.  Millstone  grit 
1.  Limestone  shale 

6800 

3500 

2000 

I should  be  inclined  to  suspect  great  exaggeration  in  the  thick- 
ness assigned  to  the  groups  below  the  Coal-measures  in  these  places. 
There  can,  however,  be  no  doubt  as  to  the  thickness  of  the  Coal- 
measiu*es  themselves,  since  the  sinking  of  vertiail  shafts  from  one  coal 
to  another  at  different  parts  as  they  rise  towards  the  surface  proves  the 
total  thickness. 

At  Dukenfield,  near  Manchester,  a single  shaft,  simk  by  Mr. 
Astley  at  a cost  of  ;£l  00,000,  has  a depth  of  2060  feet,  jmssing 
through  30  different  beds  of  coal,  having  an  aggregate  thickness  of  105 
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feet  Twenty-two  of  these  coals  are  of  workable  quality  and  thick- 
ness.* 

In  Nottinghamshire,  the  Duke  of  Newcastle  has  lately  sunk  a deep 
shaft  through  the  Permian  rocks  into  the  Coal-measures,  of  which  a de- 
tailed account  is  given  by  Messrs.  Lancaster  and  Wright,  in  Q.  J.  G.  S.,  L., 
voL  xvi.  p.  138.  After  passing  through  about  200  feet  of  Permian 
rocks,  they  sank  through  222  sets  of  beds  of  sandstone,  shale,  and  coal, 
with  a U)tal  thickness  of  1300  feet  down  to  the  Top  Hard  or  Barnsley 
Coal,  which  was  not  quite  4 feet  thick,  and  then  sank  and  bored  below 
that  to  a total  depth  of  1642  feet  from  the  surface.  The  “ Top  Hard” 
of  the  Derbyshire  coalfield  is  believed  to  be  the  same  bed  as  the  “ Barns- 
ley coal”  of  the  Yorkshire  coalfield,  and  it  has  a thickness  of  upwards 
of  2000  feet  of  Coal-measures  below  it  in  each  place. 

As  we  trace  the  Millstone  grit  and  Upi)er  Limestone  shale  from  the 
neighbourhood  of  Matlock  or  Buxton  to  the  north,  they  each  seem  to 
l>ecome  more  complicated,  and  the  upper  part  of  the  Carboniferous 
limestone,  both  to  the  west  and  north,  becomes  split  up  by  beds  of 
shale,  so  that  in  Yorkshire  there  is  a great  series  of  alternations  below 
the  Coal-measures,  consisting  of  shales  and  sandstones  with  thin  coals 
in  the  part  called  Millstone  grit ; and  shales  and  sandstones  with  thin 
limestones  in  the  part  called  Upper  Limestone  sliale.  In  Yorkshire  this 
Upper  Limestone  shale  and  top  of  the  Carboniferous  Limestone  is  called 
the  Yoredale  series  by  Professor  Phillips,  and  the  thick  limestones 
below  are  called  the  Scaur  Limestone. 

The  lie  of  the  rocks  too  becomes  more  irregular  a little  north  of 
Leeds,  so  that  the  anticlinal  ridge  expands,  and  its  flanks  are  thrown  ofl 
more  irregularly,  so  as  not  to  bring  in  the  Coal-measures  over  them 
(except  in  one  small  patch)  on  either  the  east  or  west  for  a space  of  sixty 
miles.  On  the  w'est  side,  indeed,  the  great  Cross  Fell  or  Pennine  ami 
Craven  Faults,  and  other  large  dislocations,  utterly  distiu*b  the  regularity 
of  the  lie  of  the  rocks  up  to  the  Cheviot  Hills  ; but  towards  the  east 
they  dip  gently  beneath  the  large  Durham  and  Newcastle  coalfield, 
while  the  outlying  coalfield  of  Whitehaven  comes  in  on  the  coast  of 
Cuml>erlatid  on  the  west.  A section  drawn  across  the  country,  from 
the  valley  of  the  Eden  to  the  mouth  of  the  Tyne,  would  exhibit  the 
following  series  of  rocks  : — 

4.  Coal-measures 
3.  Millstone  grit 
2.  Yoredale  serias 
1.  Great  or  Scaur  Limestone  group 

* The  lowest  coal  reached  is  called  the  “ Black  mine,"  and  is  4 ft.  8 in.  thick,  and  it  was 
calculated  as  able  to  su]>ply  500  tons  daily  for  thirty  years,  the  estate  Ijcing  1203  acres. 
The  .shaft  is  12  ft.  0 in.  diameter,  hut  expands  near  the  bottom  to  19  ft.  2 In.  It  is  lined 
with  bricks  9 in.  thick,  with  rings  of  stone  at  inten*als  of  8 yards. — Times,  31at  July  1858. 

Z 2 


Feet 

more  than  2000 
414 
540 

more  than  1119 
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1.  The  Great  or  Scaur  Limestone,  as  described  by  Foster  in  Teesdale 
Phillips’s  Manual^  p.  163),  consists  of  ten  sets  of  beds  of  limestone  from 
7 feet  to  130  feet  in  thickness,  separated  by  as  many  sets  of  shale  and 
sandstone  varj’ing  from  1 2 to  240  feet  thick,  the  total  thickness  of  the 
whole  being  1119  feet,  with  the  bottom  not  seen. 

2.  Tlie  Yoredale  series  contains  nine  sets  of  limestone  from  2 to  30 
feet  thick,  with  as  many  alteniations  of  shales  and  sandstone  fnaii  1 7 to  70 
feet  thick,  with  occasional  beds  of  cf>al,  the  wiiole  being  544  feet  thick. 

3.  The  Millstone  grit  here  contains  one  central  band  of  limestone 
called  Feltop  lime  between  alteniation.s  of  sandstone,  shale  with  iron- 
stone, and  coal,  having  a total  of  414  feet. 

4.  The  Coal-measures  of  the  Tyne  district  (Newcastle,  etc.)  are 
about  2000  feet  in  thickness,  containing  about  600  sepamte  beds  (or 
mea.Hures),  and  a total  of  about  60  feet  of  coal,  llie  coal  lies  in  many 
beds,  two  of  w’hich  are  6 feet  in  thickness,  and  three  others  3 feet  or 
more.  A little  farther  north,  about  Bei-wick-on-lVeed,  gocxl  beds  of 
coal  are  WH>rked  down  near  the  very  base  of  the  .series  in  the  group 
detK'ribed  above  as  the  Great  Scaur  Limestone  gioup. 

iScotland. — Crossing  the  range  of  tlie  Boixler  Highlands  into  the  Gla.s- 
gow  and  E<linburgh  valley,  w'e  find  the  Carboniferous  .series  shewing  the  fol- 
lowing groups,  accoixling  to  the  classification  of  my  colleague  Mr.  Geikie ; — 

Feets 

6.  Coal  or  Flat  CoaZ  of  Mid-Lotliiaii, 

siind.stones,  shale.s,  and  coals  . . . 1800 

5.  Moor  Rock  or  RoRyn  RamhlonCy  thick,  white, 

and  redtllsh  sandstone  ....  1500 

4.  Loicer  Coals  and  Cjt^fter  Limestones,  alternations 
of  «indstones,  shales,  and  coals,  with  some 
bed.s  of  crinoidal  limestone  in  the  upj)er 
part  of  the  group.  Tlii.s  is  the  chief 
repository  of  the  black-band  ironstone  and 
parrot  coals  of  Scotland,  about  . . 900 

3.  Lower  Limestone  or  Thick  Limestone  Group, 
consisting  of  .sevend  bands  of  crinohlal 
limestone  of  variable  thickness,  with  inter- 
stratified  shale  and  siindstone  and  one  or 
two  seams  of  good  coal,  about  . . 200 

2.  Calciferous  t-kindstone  or  Lower  Carboniferous 
series  ; a very  thick  group  of  siindstones, 
with  some  shales,  and  a number  of  thin 
liine.stone  band.s. 

1.  U}:>2w^  Old  Red  Sandstone,  red  imd  yellowish 
sandstones,  marls,  and  conglomerates,  with 
some  comstones. 
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Of  these  groups  No.  1 may  be  seen  in  Berw’ickshire,  Haddington 
and  File  shires  (Diu*a  Den,  etc.)  It  is  ob^^ously  identical  with  the 
upper  part  of  the  Old  Red  Sandstone  of  Siluria  and  soutli  Ireland  (the 
Kiltorcan  betls,  etc.) 

No.  2 Is  pit)bably  thesameas  theCarbonifei-ous  slate  and  Cooinhola  grit 
of  soutli  Ii-eland, and,  therefore, as  the  Marwooi^l  sandstone  group  of  Devon. 

It  i.s  very  thick  towards  the  east,  but  thin.s  out  rapidly  towards  the 
w'est,  and  disajiiK'ars  in  Ayrshire. 

No.  3 Is  the  Great  Scaur  Limestone  group  of  Durham,  but  still 
more  split  uji  by  shales  and  sandstones,  ami  contain.'^  beds  of  coal.  It 
is  on  the  same  horizon  ^\^ith  the  bottom  part  of  the  Carboniferous 
limestone  of  Derbyshire,  etc.,  and  the  Lower  Limestone  of  Ireland. 

No.  4 Is  obviously  identical  with  the  Yore«lale  series  of  Yorkshire, 
and,  therefore,  M’ith  the  Upper  Linie.stone  shale  of  Derbyshire,  and  pro- 
bably with  the  Calp  and  Uj*per  Limestone  of  Ireland. 

No.  5 Is  believed  to  be  the  representative  of  the  Millstone  grit  of 
north  England  and  Ireland,  the  Farewell  sandstone  of  South  Wales,  and 
jirobably  the  lower  part  of  tlie  Coal-measures  of  the  south  of  Ireland 
(viz.,  groups  G‘  and  G*  in  tig.  114). 

No.  G Agree^s  with  the  lower  part  of  the  Coal-measures  of  England 
and  Wales,  and  the  ujiper  jiart  of  the  Coal-measures  of  south  Ireland. 

lyneous  Rocks  Associated  tcith  the  Carhoniferous  Series. 

Ireland. — Advantage  wa.s  taken  in  chapter  xviii.  of  the  description 
of  contemporaneous  tmp  rocks  to  mention  those  in  the  Carboniferous 
linie.stone  of  the  Lunerick  basin  (p.  325),  turning  to  which  the  reader 
will  see  pi-oofs  of  the  e.xistence  of  igneous  eruj»tions  having  burst  out  in 
the  Carboniferous  sea,  and  jirodiiced  gi'eat  betls  of  trap  and  ash,  about 
the  middle  of  the  Carboniferous  limestone,  and  also  near  its  .summit. 

Derbyshire. — In  Derby.shire  there  are  one  or  two  wideh^-spread 
bands  of  igneous  rock  called  toadstone,  in  the  Carboniferous  limestone. 
Tliese  ai*e  certainly  contemporaneous  traps,  and  I had  long  been  under 
the  impression,  from  observ'ations  made  in  the  years  1837  and  1838, 
thal  each  of  these  toad.stone  bands  was  the  result,  not  of  one  simul- 
taneous ejection  of  igneous  matter,  but  of  several,  jirocccding  from 
different  foci  uniting  together  to  form  one  band.  This  belief  was  con- 
firmed in  1861  on  visiting  Buxton  with  the  eminent  Swiss  geologists, 
Me.s.si’s.  E.scher  and  Merian,  and  their  companion  M.  Stbhr,  when  the 
railway  cutting  a little  below  Buxton,  down  the  valley  of  the  Wye,  laid 
open  the  toad.stone,  with  the  limestone  above  aiul  below  it.  Two  soli<l 
beds  of  toad.stone  were  exposed,  proceeding  from  opposite  ends  of  the 
cutting,  towards  each  other,  but  not  overlapping,  with  IkkIs  of  purple  and 
green  ash,  greatly  decompo.sed  into  clay,  both  above  and  below  each 
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bed,  and  between  the  tw'o,  the  whole  forming  a rather  irregular  compo- 
site accumulation,  with  a total  thickness  of  about  50  feet 

Sorth  of  Enyland. — Farther  north,  in  Yorkshire,  Durham,  and 
Northumberland,  great  beds  of  basalt  lie  in  the  Carboniferous  limestone 
series,  one  called  the  Great  \Miin  sill,  extending  for  many  miles, 
and  van»'ing  in  thickness  from  20  to  300  feet  Professor  Sedgwick 
l>elieves  this  to  have  been  a mass  horizontally  injected  between  the 
betls  ; but  Professor  Phillips  says,  that  “ we  cannot  doubt  that  it  was 
emj»te<l  from  several  centres  or  lines,”  and  speaks  of  the  possibility  of 
its  luiving  been  poured  “ out  as  a mass  of  submarine  lava.”  (Phillips’s 
Manual^  p.  522.)  It  alters  the  rocks  below  it,  so  that  the  black  shales 
b ‘come  prismatic,  and  in  some  places  contain  garnets.  H the  rocks 
above  are  also  altered,  it  must  of  course  be  intrusive. 

Are  the  igneous  rocks  of  the  Cheviot  Hills  of  Carboniferous  date  ? 
Scotland. — Tlie  Carboniferous  rocks  of  Scotland  are  full  of  traps, 
both  contemporaneous  and  intrusive,  and  of  both  felstone  and  green- 
stone character.  Beds  of  ash  accompany  many  of  the  contemporaneous 
trsijcs.  Those  of  the  neighbourhood  of  Edinburgh,  included  in  .sheet  32 
of  tlie  geological  map  of  Scotland,  are  now  fully  described  by  Messrs. 
Howell  and  Geikie,  in  the  Mems.  of  the  Geol.  Sm^.  Great  Britain,  in  the 
part  entitlwl,  “ Geology  of  the  Neighbourhood  of  Edinburgln” 

Characteristic  Fossils. 

A list  has  Ixhjii  already  given  of  the  characteristic  fossils  of  the 
low'er  part  of  the  series  in  Ireland.  Some  of  tlie  fossils  there  mentioned, 
however,  are  not  re.stricte<l  to  that  j>art,  but  occur  throughout  the  Car- 
boniferous series,  and  wdll  be  mentioned  again  in  the  following  list 
One  general  characteristic  of  the  fonnation  is  the  abundance  of 
])lants.  Theiie  occur  throughout,  and  are  not,  I believe,  characteristic 
of  one  part  of  it  more  than  another,  except  tliat  they  are  found  in 
shales  and  sandstones,  or  the  washings  of  the  land,  rather  than  in  lime- 
stones, the  jiroduct  of  the  ocean. 

It  does  not  appear  that  there  is  any  e.ssential  difference  in  Scotland 
betw^een  the  plants  found  with  the  coals  at  the  base  of  the  series, 
and  those  found  near  the  top,  some  species  being  locally  peculiar  in 
e.'ich  ca.se,  but  occurring  in  other  beds  in  other  places.  Similarly, 
although  the  marine  shells,  etc.,  are  found  princijmlly  in  the  lime.stones, 
as  might  be  expected,  yet  they  are  found  occasionally  in  the  shales 
and  sandstones  in  which  coals  occur,  together  with  other  shells  that 
look  something  like  fresh- w’ater  shells,  but  nevertheless  may  be  marine. 

Tlie  different  assemblages  of  fos.sils,  therefore,  found  in  different 
pjirts  of  the  Carboniferous  series,  may  be’  oidy  locally  characteristic 
of  those  parts,  their  limitation  depending  on  the  nature  of  the  “ .station  ” 
in  which,  and  not  upon  the  time  during  wliich,  they  lived. 
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Plants. 


Aletbopteris  loncliitica  (Fem) . 
Asterophyllites  equisetifonnis 

foliosa 

Calamites  canmoformis  . 


Foss.  gr.  15,  h. 

Tab.  V.,  and  Ly.  Man.,*  p.  369. 
Foas.  gr.  1 5,  a. 


Foaiiil  Group  No.  15. 
Carbon  iforous  Plants. 


a.  Calaniites  canntefonnis. 

b.  Aletbopteris  lonobitioa. 

c.  SigilLaria  renifomils. 

Lepidotlendron  elegan.s  . 
Lepidostrobus  omatns  . 
Neuropteris  gigantea  (Feni) 
Sigillaria  renifonnis 
Sphenopteris  crenata  (Fem) 
Stigmaria  (roots  and  rootlets) 


d.  Lepido<lendron  elegnns. 

e.  Stigmaria  ilcoidcs. 

Foss.  gr.  15,  d. 

Ly.  Man.,  p.  366,  and  Tub.  V. 
Tab.  View. 

Foss.  gr.  15,  c. 

Ly.  Man.,  p.  364,  and  Tab.  V. 
Foss,  gr.  15,  e. 


• The  Tabular  View  of  Clmracteristic  British  Fossils,  and  Lycll’s  Manual  of  Elemental^- 
Oeologj',  fifth  edition. 
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Actimzoa. 

Amplexus  coralloides 
Lithostrotioii  affine 
Michelinia  favosa 
Syringoix)ra  ramulosa  . 


Foss.  gr.  16,  <1. 
Foss.  gr.  16,  r. 
Foss.  gr.  1 6,  a. 
Tab.  View. 


Fossil  Group  No.  16. 
Carboniferous  Fossils. 


a.  Michelinia  favosa, 
h.  .A  mplexus  coralloides. 
Litho.strotion  alline. 


ft.  Tcrebrat  ula  }ia.stat.a. 
e.  Spirifera  striata. 

/.  Producta  seinireticulata. 


JW f/:ofj. 

Fenestrella  anti^ua,  meinbi-anacea,  jdebeia,  etc.  Phil.  G.  Y.  and  Pal.  fos.s. 

Brack  loi>oda. 

Atliyris  Roy.^ii  ....  *M‘Coy,  Carb.  foss.,  U 2 1,  fig.  6. 

Discina  iiitida  ....  Phil.  G.  Y.,  t.  11,  fig.  10. 

• Phillips's  Gcolog}'  of  Yorkshire  and  Palaozoic  Fossils;  and  M'Coy’s  Carbonifer»>u.i 
Fo.'wils,  ]>ul>lished  by  Hir  R.  Griflith. 
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Orthis  resupinata 

Producta  aculeata,  scyiLricula,  etc. 

semireticulata  * 

Rhynchonella  acuminata 

pleurodon 

Spirifora  cuspidata 

glabra 

pLnguis 

striata t 

Terebratula  hastata 


Foss.  gr.  17,  a. 
Phil.  G.  Y. 
Foss.  gr.  16,/. 
Tab.  View. 
Fos8.gr.  14,  6. 
Foss.  gr.  14,  a. 
Tal).  View. 
Phil.  G.  Y. 
Foss.  gr.  15,  c. 
Foss.  gr.  16,  d. 


Fos.siI  Gronp  No.  17. 

Carboniferous  Fossils. 

n.  Orthis  resupinata.  d.  Conocarrlinin  Hil^emieiiin. 

h.  Avion lojMJoten  iwipyraceua.  e.  Kuoinphaliis  i>entagonalis. 

c.  Canlioinon'ha  oblonga.  /.  Bellero]>hon  tangvntialis. 


* Do  Koninck  believes  P.  Martini  to  be  a variety  of  seniiretieul.ata  ; gigantoa  ami  Seotiea 
are  probably  the  same.  . 

t It  is  believetl  that  many  other  species  of  Spirifora  wo»U«l  properly  bo  included  in  one 
nr  other  of  the  above.  Sp.  disjiincta  or  Vcmeuillii,  for  instance,  is  probably  only  a 
variety  of  Sp.  striata. 
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Conckifera, 

Aviculopecten  papyraceus 
Cardiomorpha  oblonga 
Conocardium  (Pleurorhyncus)  Hibemicum 
Poeidonomya  Becheri  .... 


Foss.  gr.  17,  b. 
Foss.  gr.  1 7,  e. 
Foss.  gr.  17,  d. 
Tab.  V.  and 
Ly.  Man.,  p.  414, 


Fossil  Group  No.  18. 
Carboniferous  Fossils. 


n.  Platycrinus  Uevis.  e.  Nautilus  biangulatus  (or  carinatus). 

b.  Palaechinus  sphaericus.  /.  Ooniatites  Listeri. 

c.  Peiitremites  Derblensis.  g,  Orthoceraa  Geanerl. 

(L  Pbillipsia  pustuloso. 


Gasteropod/t. 


Euomphalus  pentagonalis 
Loxoncma  Lefebvrei. 
Macrocheiliis  oval  is 

pu.sillu8. 

Natica  elliptica 
Patella  mucronata 
Plenrotomaria  carinata  . 
Trocbella  jmsca 


Foss.  gr.  17, 

M^Coy,  Garb.  foss. 

Phil.  G.  Y.,  t 14,  fig.  23. 

Phil.  G.  Y.,  fig.  3. 

PhU.  G.  Y.,  t 15,  fig.  1. 
M‘CJoy,  Garb,  foes.,  t 7,  fig.  1 . 
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Pteropoda  and  Heteropoda. 

Bellerophon  hiulcus  .... 

tangentialis  .... 

Porcellia  Pozio. 

Cephalopoda, 

Actinoceras  giganteum  .... 
Cyrtoceras  Verneuillianum 
Goniatites  Listen ..... 
sphajricus  ..... 


Tab.  View. 
Foss.  gr.  17,/. 


G.  Y.  2,  t 21. 
Koninck,  t.  44. 
Foss.  gr.  18,/. 
Tab.  View. 


Fossil  Group  No,  19. 

Carboniferous  Fish  Teeilt. 

0,  Cbulodns  striatus.  c.  Fsammodus  jwrosus. 

b.  Petalodus  Hastingsite.  /.  Psecillodus  traus\'C‘rsus. 

c.  Holoptychius  Portlockii,  g.  Orodus  ramosus. 

dU  CochlioduB  oblongus.  h.  Diplodus  gibbosus. 


Nantilus  biangnlatus  (or  carinatus) 
Orthoceras  Gesneri 

Steinbaueri 

Poterioceras  fusifonne  . 

2 A 


Foss.  gr.  18.  e, 
Foss.  gr.  18,y. 
PhilLG.  y.  2,  t.  21. 
Tab.  View. 
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Echinodermata, 
Actinocrinus  triacontadactylus 

Tab.  'View, 

Archsoocidaris  Urii 

• • 

M‘C.  Garb,  foss.,  t.  27. 

Cyathocrinus  tabulatus . 

• « 

Tab.  View. 

PalflPchinus  sphaericus  , 

• • 

Foss.  gr.  18,  h. 

Pentremites  Derbiensis 

• • 

Foss.  gr.  18,  c. 

Platycrinus  kevis 

* • 

Foss.  gr.  18,  a. 

Poteriocrinus  granulosus 

• • 

Phill.  G.  Y.  2,  t 4. 

Rhodocrinus  costatus 

• • 

An.  Nat  Hist.  43. 

Spirorbis  carbonarius  . 

Annelida. 

9 • 

Ly.  Man.,  p.  387. 

Bellinunis  Regina 

Crustacea. 

• • 

Exphsh.  137,G5.L 

rotundatus  . 

• • 

Ly.  Man.,  p.  388. 

trilobitoides 

• • 

*BuckL  B.  T. 

BrachjTuetopus  (Phillipsia)  Ouralicus. 
Dithvrocaris  orbicularis. 

Port.  G.  R,  312. 

Grillithides  globiceps 

• • 

Ibid,  311. 

Phillipsia  pustulata 

• • 

Foss.  gr.  18,  d. 

Cladodus  striatus  . 

Fish, 

« • 

Foss.  gr.  19,  a. 

Cochliodus  oblongus 

• • 

Foss,  gr,  19,  d. 

Ctenacanthus  brevis 

* , 

Fos-s.  gr.  19,  h. 

Diplodus  gibbosus 

• • 

Foss.  gr.  1 9,  h. 

Holopty chilis  Poillockii 

• • 

Foss.  gr.  19,  c. 

Hibberti 

• • 

Ly.  Mjm.,  p.  400. 

Oiodus  ramosus  . 

• « 

Foss.  gr.  19,  g. 

PaH:illodus  transversus  . 

• • 

Foss.  gr.  19,/. 

Psammodus  porosus 

• • 

Foss.  gr.  1 9,  e. 

Foreign  Carboniferous  Rods. — On  the  continent  of  Europe  the 
<ievelopnient  of  the  rocks  of  this  period  is  generally  inferior  to  that 
«)bservahle  in  the  British  Islands,  Having  learnt  the  succession  of  the 
lH!ds,  and  their  organic  remains,  however,  in  our  own  country,  we  are 
••nabled  to  trace  a corresponding  order  in  other  parts, 

Belgium. — According  to  M.  Dumont — 

Systeme  { 4.  Alternations  of  “ ampelite  ” (sandstone),  shale,  and 
Houillieb,  I coah 


Systeme 

Coxdrusien. 


r 3.  Crinoidal  limestone,  dolomite,  producta  lime- 
stone, with  chert  and  anthracite. 

< 2.  Gray  sandstone,  soft  sandstone,  and  anthracite. 

1.  Gray  shales,  calcareous  shales,  dark  limestone,  and 
pisolitic  iron  ore  (oligiste). 


* Buckland's  Bridgewater  Treatise. 
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Characteristic  Fossils. — The  plants  of  No.  4 correspond  to  those  of 
our  Coal-measures.  Tlie  large  ftoductije  and  other  fossils  of  No.  3,  cor- 
respond in  tlie  main  with  those  of  the  Carboniferous  or  mountain  lime- 
stone of  the  British  Islands.  The  lowest  division,  No.  1,  contains 
Spirifers,  Cyathophyllum  mitratum,  Pleurotomarise,  and  other  fossils, 
found  also  in  the  lower  divisioiLs  of  Northumberland  and  Scotland. 

The  coalfield  of  Liege  hius  long  been  celebrated.  The  rocks  in  that 
neighbourhootl,  and  about  Namiu*  seemed  to  me  greatly  to  resemble 
those  of  the  south  of  Ireland,  the  Coal-measures  being  apparently 
affected  by  slaty  cleavage,  thick  Carboniferous  limestone  appearing 
below  them,  and  underneath  that  beds  resembling  the  Carboniferous 
slate. 

France  has  Coal-measures  in  the  coalfields  of  Valenciennes  in  the 
north,  which  is  the  western  continuation  of  that  of  Belgium,  and  is 
covered  towards  the  west  unconfomiably  by  the  Chalk  ; and  also  in  the 
southern  coidfields  of  St  Etienne,  and  some  other  smaller  districts. 
Much  of  the  lower  part  of  the  formation,  however,  consists  of  clay 
slate,  and  altered  rocks,  which  were  at  one  time  taken  for  much  older 
fonnations.  Sir  Roderick  Murchison  shewed  that  the  slate  rocks  of  Le 
Foret,  near  Vichy,  pierced  by  syenites  and  porphyries,  were  in  reality 
Carboniferous  rocks. — {Q.  J.  Oeol.  Soc.,  vol.  vii.,  p.  13.) 

Carlx)niferou3  rocks  occur  in  small  detached  localities  in  many 
other  parts  of  Europe,  but  do  not  admit  of  description  as  topical  nxiks  of 
the  period.  The  fossils  contained  in  them  agree  with  thase  already  men- 
tioned, with  just  that  amount  of  difference  that  might  be  expected  to 
arise  from  the  laws  of  geographical  distribution. 

Reptiles,  such  as  Archegosaunis  and  Apateon,  occur  occasionally. 


Forth  America  : Nova  Scotia. — According  to  Mr.  Dawson — 


f3.  Grayish  and  reddish  sandstone  and  shale.s,  with 
Upper  Group.  < beds  of  conglomerate,  and  a few  thin  be<l8  of 
( luaestone  and  coaL  3000  feet  and  more. 


Middle  or 
Good  Coal 
Group. 

Lower  or 
Gypsiferous 
Group. 


( 2.  Gray  and  dark-coloured  sandstones  and  shales, 
< with  red  and  bro'wn  beds,  coal,  ironstone,  and 

( bitimiinous  limestone.  4000  feet  and  more. 

il.  Red  and  gray  sandstones  and  conglomerates,  and 
red  and  green  marls  and  shales,  \^ith  thick 
beds  of  gypsum  and  limestone.  6000  feet  and 
more. 


Characteristic  Fossils. — ^Tliose  of  No.  1 consist  of  Productaj,  Tere- 
bratulae,  Encrinites,  and  Corals,  etc.,  in  the  limestones,  many  analagous 
to,  and  some  even  identical  with  those  of  the  Carboniferous  limestone 
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of  Britain.  Scales  of  Holoptycliiua  and  Palaeoniscus  have  also  been 
discovered.  Lepidodendron  and  other  plants  occur  in  the  sandstones. 

In  No.  2,  Stigmaria,  Sigillaria,  and  other  genera  of  plants  occur  in 
al>undance,  generically  identical  with  tho.se  of  our  Coal-measures ; Cypris, 
Modiola,  a land  shell  (Pupa),  GJanoid  fish,  and  three  species  of  Reptiles 
also  are  known,  apimrently  of  terrestrial  species. 

In  No.  3,  Calamites,  Ferns,  and  Coniferous  wood  are  found. 
Altogether  there  is  a thickness  of  more  than  14,000  feet,  vidthout 
reaching  any  exact  base,  or  arriving  apparently  at  the  v’^ery  highest  beds 
of  the  series.  Tliere  are  seventy-six  beds  of  coal,  of  which,  however, 
most  are  only  one  or  two  inches  thick,  and  the  thickest  not  more  than 
four  feet. — {Da'icsorCn  Acadian  Geology) 

Some  of  the  beds  of  group  1 , consisting  of  sandstones  with  variegated 
marls  and  gv])sum,  and  a few  beds  of  coal  were  seen  formerly  by 
myself  in  Newfoundland,  on  the  south  shore  of  St.  George’s  Bay,  and 
at  tlic  northern  extremity  of  the  Grand  Pond. — {Ilejwrt  on  Geology  of 
Newfoundland) 


United  States. 

3.  Upper 
Carboniferous 
OR  Co.vl-Mea- 
sure  Group. 


2.  Middle 
Carboniferous  X 
Group. 


1.  Lower 
Carboniferous  - 
Group. 


— According  to  Professor  Rogers. 

Coal-measures,  alternations  of  sandstones,  shales,  and 
coals,  like  groups  2 and  3 of  the  Nova  Scotia 
district,  but  thinning  out  w^estward,  so  as  to  be 
only  3000  feet  in  Pennsylvania,  1500  in  the 
Illinois  Basin,  and  not  more  than  1000  in  Iowa 
and  Missouri. 

In  Pennsylvania,  soft  red  shales,  and  argillaceous  red 
sandstones,  3000  feet. 

In  Virginia — 

c.  Blue,  olive,  and  reel  calcareous  shales,  with  thick 
red  and  brown  sandstone. 
b.  Light  blue  limestone,  sometimes  Oolitic. 

a.  Buff,  greenish,  and  red  sliales,  wdth  sandstone. 
Total  tliickness,  3000  feet. 

In  the  Western  States — 

b.  Gray  and  yellow  sandstone. 

a.  Light  blue  and  yellow  limestone,*  1000  feet. 

White,  gray,  and  yeUow  sandstones,  alternating  with 
coarse  siliceous  conglomerates,  and  dark  blue  and 
olive-coloured  slates.  In  some  places  contains 
black  carbonaceous  slate,  and  a bed  or  tw’o  of 
coal.  2000  feet  thick  in  Pennsylvania,  thinning 
out  to  nothing  in  the  north-w'cst. 


^ Tl>e  liglit  bine  limestone  mentioned  above  thickens  towards  the  south-west,  and  dies 
awny  to  the  north-east  in  Pennsylvania. 
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Characteristic  Fossils. — Those  of  No.  1 are  said  to  coal  plants  in 
some  parts,  and  marine  remains,  Crinoids,  and  Molluscs,  in  others. 
It  may  possibly  be  the  equivalent  of  the  Carboniferous  slate  of  Ireland 
and  Manvood  beds  of  Devon. 

Tliose  of  No.  2 are  like  those  of  No.  1 of  the  Nova  Scotia  district, 
generically  identical  with  the  fossils  of  the  Carboniferous  limestone  of 
Britain. 

Those  of  No.  3 are  in  like  manner  coal  plants,  belonging  to  the 
same  generic  fonns  as  the  British,  but  with  many  local  and  peculiar 
species.  The  marine  beds  contain  corals,  shells,  and  fishes,  and  the 
littoml  beds  show  the  tracks  of  reptiles  of  the  order  Labyrintho- 
dontida). 

India. — Several  large  and  important  coalfields  exist  in  India,  as 
those  of  Damoodah,  Talchecr,  Nagpur,  and  others.  There  is,  however, 
much  doubt  whether  these  are  really  of  the  Carboniferous  period,  since 
they  contain  fossil  plants  of  the  genera  Pecopteris,  Glo8.sopteris,  Verte- 
baria,  Phyllotheca,  etc.,  wliich  are  believed  to  be  rather  of  Tria-ssic  or 
Oolitic  age  than  of  the  Carboniferous.  (See  papers  by  T.  Oldham, 
Mems.  Geol.  Survey  India,  voL  L ; and  by  Sir  C.  Bunbury  in  Q.  J.  Geol. 
Soc.  vol.  x\ui.) 

Amtralia — ^There  are  large  formations  in  Australia  which  are  cer- 
tainly of  Upper  Palawzoic  age,  consisting  of  sandstones,  shales,  and 
limestones,  containing  shells  of  the  genera  Pnxlucta,  Spirifcra,  Leptaena, 
Orthonota,  Pecten,  Pterinca,  Pachydomus,  Platyschisma,  BeUerophon, 
Conularia,  .stems  of  Crinoids,  a small  Tribolite,  etc.  etc.  Associated 
with  these  rocks,  and  apparently  forming  the  upper  part  of  them,  are 
other  shales  and  sandstones  of  precisely  similar  diameter,  containing 
good  beds  of  coal,  and  having  fossil  plants  of  the  genera  Glassopteris, 
Twniopteris,  Pecopteris,  PhyllothtK^,  Vertebraria,  etc.,  precisely  like 
tho.se  of  India.  These  coal-bearing  beds  are  accordingly  believed  by 
some  persons  to  be  of  much  later  date  than  the  beds  below  them,  wliich 
contain  palaxizoic  genera  of  animal  i*emains. 

I certainly  could  see  no  reason  myself,  in  Tasmania  and  New  South 
Wales,  for  introducing  any  separation  among  these  beds,  which  seemed 
to  be  all  part  and  parcel  of  the  same  great  formation  of  pale  .sandstones, 
sepamted  by  shales,  and  containing  calcareous  beds  in  the  lower  part, 
and  C(.)al  beds  in  the  middle  jiart  of  the  formation. 

In  New  South  Wales  the  IhhIs  are  all  nearly  horizontal,  and  the 
section  quite  clear,  as  descril^eil  by  mys(df  in  a paper  in  the  Quarterly 
Jovrn.  of  Geol.  Soc.,  vol.  3,  of  which  the  following  is  an  abstract.  (See 
also  Sketch  of  Phys.  Structure  of  A ustralia.  Boone.) 
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4.  Sydney  sandstone,  thick  white  or  light-yellow  sandstone, 

^\^th  (juartz  pebbles  occasionally,  and  jmitings  of  shale 
3.  Alternations  of  sliales  and  sandstones  . . . 400  feet. 

2.  Shales  containing  two  or  three  good  beds  of  workable  ) 200  to  300 
coal,  6 feet  thick  . . . . . . j feet. 

1.  Wollongong  sandstones,  thick  dark-gray,  reddish-broMTi,  ) 400  feet 
often  calcareous,  with  large  calcareous  concretions  . j and  more. 

Tliis  is  only  a part  of  the  series,  as  there  maybe  beds  below  No,  1, 
and  others  above  No.  5. 

Characterutic  Fossils. — Tliose  of  No.  1 are,  Stenopora  crinita  ; Pro- 
<Iucta  rugata  ; Spirifera  subiadiata,  Stokesii  ; and  Avicula,  Pachydomus, 
Orthonota,  Pleurotomaria,  Bellerophon,  etc. 

Til  osc  of  No.  2 are,  Glossopteris  Browniana  ; Vertebiaria  indica  ; 
Pecopteris  australis  ; Phyllotheca  austmlis. 

I'here  are  fi.sh  said  to  have  been  found  by  Mr.  Clarke  in  No.  3 or  5, 
together  with  fragments  of  plants.  No  fossils  have  yet  been  found  in 
No.  4. 

Tlie  Rev.  W.  B.  Clarke  has  also  written  largely  on  the  structure  of 
this  country  in  the  Quar.  Journ.  Geol.  Soc.y  and  in  separate  publica- 
tions. He  proposes  the  nanie.s  of  Hawkesbury  &indstone  for  the  group 
No.  4 of  the  above  section,  and  Waianamatta  Shales  for  group  No.  5. 

The  city  of  Sydney  stands  on  beds  about  the  junction  of  4 and  5, 
so  that  the  coal  beds  of  Himter’s  River  and  Illawarra  lie  underneath 
it  at  a de])th  of  about  1 200  feet.  Mr.  Clarke’s  Waianamatta  shales 
form  the  surface  rock  of  the  great  }xiit  of  the  county  of  Cuml)erland, 
the  Sydney  or  Hawkesbury  sjindstones  cropping  out  all  round  it,  both 
along  the  coast  and  in  the  Blue  MounUiiii  range  in  the  interior,  and  tlie 
coals  are  everywhere  found  a little  below  the  base  of  this  sandstone, 
both  on  the  .south  at  Illawana,  on  the  north  at  Hunter’s  River,  and  in 
the  gullies  of  the  Blue  mountains,  according  to  Coiuit  Strzelecki. 

Life  of  the  Period. 

The  unset  tletl  state  of  the  boundary  between  the  rocks  that  should 
be  referred  to  the  Devonian,  and  those  that  are  clearlv  of  the  Carboni- 
ferous  j»eri<xl,  juoduces  a coiTesiamding  hesitation  as  to  the  i>eriod  of 
the  commencement  of  certain  genera  of  fossils. 

The  Carboniferous  j)eriod  certainly  abounded  in  ])lants  that  were 
well  adajited  for  prosen  ation  and  for  conversion  into  coal.  It  cannot 
be  said  with  certainty  whether  the  greater  abundance  of  coal  was  the 
result  of  a peculiarity  in  the  idjy.sical  geograjdiy  of  the  time  being 
unusually  favourable  to  vegehible  life,  or  of  the  kind  of  vegetation 
being  ])eculiarly  athipted  to  fonn  coal. 
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It  has  been  suggested  that  the  atmosphere  p^e^^0U8ly  conhiined 
more  carbonic  acid  gas,  and  that  it  was  comjMiratively  cleared  of  it 
during  the  periotl,  by  the  “ fixation”  of  carbon  in  the  form  of  coal. 
In  these  speculations,  however,  attention  seems  to  have  been  paid 
solely  to  the  carbonic  acid  of  the  atmosphere,  without  taking  any 
account  of  the  vast  quantity  of  carlwn  that  must  always  have  been 
“ fixed,”  as  it  is  called,  in  the  vegetables  and  animals  that  clothed  and 
jKiopled  the  eai’th.  No  reliable  data  exist  for  estimating,  with  any 
approacli  to  accuracy,  the  coal  now  buried  in  the  earth,  but  supposing  an 
accurate  estimate  were  to  be  formed  of  the  carbon  in  the  form  of  coal, 
we  should  require  to  know  the  quantity  of  carbon  in  existing  plants, 
and  the  smaller,  but  still  appreciable  (juantity,  in  existing  animals.  If 
we  choose  to  indulge  our  fancy  in  imagining  that  in  the  periods  of  the 
earth’s  history  previous  to  that  called  the  Carboniferous  period,  there 
was  no  coal  and  no  terrestrial  vegetation,  we  may,  if  we  like,  fancy 
still  further,  that  the  carbon  afterwards  u-sed  for  them  existed  pre- 
viously as  carlx)nic  acid  in  the  atmosphere,  and  that  the  earth  was 
enveloped  in  an  atmosphere  like  that  of  the  Grott<3  del  Cane  ; but  the 
sj>eculation  must  always  remain  a fanciful  one. 

It  would  seem,  from  some  exjxjriments  by  Messrs.  Lindley  and 
Hutton,  that  the  plants  found  so  abundantly  in  the  Carboniferous  rocks 
belonged  to  cla-sses  peculiarly  adapted  for  preservation  when  buried 
under  water,  and  that  there  may  have  been  therefore  an  eqmil  abun- 
dance of  other  plants  which  have  not  been  preserved. — {Lindley  and 
Hutton's  Fossil  Flora.) 

The  following  are  the  genera  of  plants  which  apjiear  to  have  first 
come  into  existence  during  the  Carboniferous  jHjriod  ; those  marked 
with  an  asterisk  being  apjmrently  confined  to  it,  the  others  surv'iving 
into  the  Oolitic  period,  and  one  or  two  to  still  later  times. 

Plants. — * Adiantites,  Alethoi)teris,  * Anabathra,  * Annularia, 

* Antholites,  *Aphlebia,  *Aspidaria,  * Asterophyllit&s,  Calamites, 
*Cardiocarpon,  Carpolithes,  *Caulopteris,  ♦ Crcx>idopteris,  * Cyclocladui, 
C’yclopteris,  * Cyperites,  * Dado.xylon,  Endogenites,  Flabellaria,  * Ila- 
lonia,  ♦ Hipi>urites,  * Hydatica,  H}Tnenoj)hyllites,  * Knorria,  Leiado- 
dendron,  *Lepidophyllum,  *Lei)idostrobus,  *Lomatophloyos,  Lycop(xli- 
tes  * Lygincxlendron,  * Megajdiy turn,  Musocaqnim,  * Myrioidiyllites, 
Neurox>teris,  ^Najggerathia,  *Odontof)teris,  Otopteris,  * Palmacite.'*, 

* Kcea,  Pinites,  * Hnnularia,  * Pitus,  * Poacites,  * Pohqjorites,  * Potlu>- 
cites,  * Protopteris,  * Rhabdocarpus,  *Sagenaria,  * Selaginites,  *Sigil- 
laria,  Sxdienoidiyllimi,  Sphenopteris,  *Stembergia,  *Stigmaiia,  *Trigo- 
nocarpium,  * Ulodendron,  Walchia. 

Of  the.se,  many  are  ferns,  and  some  are  supposed  to  have  been 
huge  Lycopodiacese,  others  are  of  unknown  affinities.  Mr.  Salter  at 
the  last  meeting  of  the  British  Association  (Manchester  1861)000^^1 
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rtiiiiarks  tending  to  prove  Sigillaria  was  a great  aquatic,  possibly  a 
marine,  plant.  It  has  often  occurred  to  me  that  the  amomalies  arising 
from  the  evidence  for  the  growth  in  situ  of  many  coal  phints,  and  the 
interstratification  of  the  coals  with  beds  formed  under  water,  would  be 
got  by  Rupj)osing  these  plants  to  have  grown  in  the  water,  and  formed 
be<ls  at  tlie  bottom  of  it. 

Tlie  following  genera  of  animals  seem  to  date  their  existence  from 
this  period,  those  who  perished  with  it  l)eing  likewise  distinguished  by 
an  asterisk. 

Actinozoa,  * Am  plexus,  *Aulophyllum,  *Axophyllum,  *Beaumontia, 

* Campophyllum,  Fistulijx)ra,  * ITeterophyllia,  * Lithostrotion, 

* Loph<q)hyllum,  * Michelmia,  * Mortieria,  * PetaUaxis,  * Phillips- 
astraoa,  *lVrgia,  *Rhabdopora. 

Polyzoa,  * Sulcoretepora,  Vincularia. 

Brachiopoila,  Camarophoria,  Products,'  Terebratula. 

Conchifera^  * A^iculopecten,  Anodonta,  ? Anatina,  * Anthracosia, 
?Axinus,  Cardinia,  Cardiomoq)ha,  Cucullffia,  Edmondia,  Inocer- 
amus  (or  shell  having  similar  external  form)  Leda,  ? Lima,  Litho- 
domus,  Lucina,  ? Lutraria,  Mactra,  Myacites,  Myalina,  ? Pandora, 
Pleuroj)lionis,  Sedg\vickia, 

Gasterojwda^  Buccinmu,  Cylindrites,  Dentalium,  Eulima,  Lacuna, 
Littorina,  ? Melania,  • Metoptoma,  Patella,  * Phanerotinus,  * Platy- 
schisma,  ? Pupa,  * Trochellji,  Vermetus. 

Cephalopoda^  * Clymcnia,  * Goniatites,  Nautilus,  * Poterioceras,  * Trigo- 
noceras. 

Pchinodermata,  *Adelocrinus,  Archaeocidaris,  *Astrocrinus,  ^Atocrinus, 

* Codonastcr,  * Cuprcssocrinus,  * Dichocrinus,  * Euryocrinus, 

* Mespilocrinus,  * Pentremites,  * Perischodomus,  * Platycrinus, 

* Sycocrinus,  * Synbathocrinus,  * Woodocrinus. 

Aiwelida,  Sabella,  Serpula,  * Spiroglyphus,  Spirorbis. 

Crustacea,  Bairdia,  * Bellinurus  (or  Limulus)  *Brachymetopus,  *C}xlus, 
Cythere,  Cypiis,  * Entomoconchus,  * Griffithides,  Macrura, 

* PhUlipsia. 

Itisecta,  Curculioides,  Corydalis. 

Fishy  * Ambljqderus,  * Asteroptychius,  * Carcharopsis,  * Cheirodus, 

* Chomatodus,  * Cladodus,  * Cochliodus,  Caelacanthus,  * Colonodus, 

* Cricacanthus,  * Ctenodus,  * Diplodus,  * Dipriacanthus,  * Erisraa- 
canthus,  * Eur}motus,  * Glossodes,  Gyracanthus,  Gyrolepis, 

Helodus,  * Holoptycliius,  * Homacanthus,  * Lepracanthus,  Lepta- 

> A fashion  has  lately  crept  in  of  calling  this  Productus.  It  seems  to  me  we  might  as 
well  speak  of  a Terehratuhis,  an  Ati^-jms,  or  a RhynchonellQ-s.  Where  a Tjitin  Rd,1ectiv© 
is  employed  as  a name  of  a bivalve  shell,  it  should  always  l>e  made  to  agree  with  Concha 
or  Cochlea  iinderstoo<l,  and  only  have  a inascnline  or  neuter  termination  when  a substantive 
is  used,  as  in  the  case  of  Pentamerus.  Tlie  shell  was  originally  called  Anoniia  producta, 
and  aftenvnrds  Producta  alone  ; why  not  let  it  remain  so  ? 
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canthus,  * Megalichthys,  * Oracanthiis,  *Orodii8,  * Orthaxymthus, 
Palaoonisciis,  *Petalodus,  *Pterodu8,  ^Physonemus,  *Platycanthu8, 
Platysomus,  * Plectrolepis,  * Pleuracanthus,  * PoDcilodiis,  * Poly- 
rhizodus,  * Psammodus,  • Psammosteus,  Pygopterus,  * Rhizodiis, 
• Spheuacanthus,  * Triatychius,  * Uronemus. 

Reptiles^  Archegosaurus, 

In  examining  these  lists  of  new  genera,  we  are  first  met  hy  Corals, 
some  of  which  grow  to  large  size — a foot  or  two  in  diameter.^  They 
occur  sometimes  in  beds,  a number  of  species  groudng  together  and 
fonuing  a regular  wide-spread  coral  bed,  that  might  be  likened  to  a 
small  fringing  or  shore  reef.  They  may,  however,  jKirhaps  have  been 
deep-water  species,  and  at  all  events  there  is  not  the  slightest  appearanc*^ 
of  any  approach  to  the  fonii  of  one  of  the  Atoll  or  Barrier  reefs  of  the 
present  day,  either  in  the  Carboniferous  or  any  other  Palaeozoic  lime- 
stones. “ With  the  exception  of  the  genus  Pyrgia,  all  the  Carboniferous 
corals  are  Rugosa  and  Zoantharia  tabulata”  (Green’s  Ccelenterata). 

The  new  Brachiopoda  are  very  few  in  number,  the  j)rincipal  one 
being  the  genus  Producta,  some  species  of  which  are  quite  the  largest  of 
all  Brachiopodous  shells,  and  make  up  whole  l)eds  in  the  Carboniferous 
limestone.  Some  species  (if  not  all)  were  covered  with  long  slender 
spines  which  have  generally  been  rubbed  off  after  death,  but  which  I 
have  often  seen  attached  to  many  Producta)  in  the  Carboniferous  lime- 
stone of  Derbyshire,  sometimes  extending  several  inches  into  the  sur- 
rounding rock. 

Brachiopodous  shells  differ  from  ordinary  bivalves  in  several  veiy’ 
important  jwirticulars.  Ordinary  bivalves  or  Conchifers  respire  by 
means  of  gills,  of  which  the  beard  of  an  oyster  is  an  example,  hence 
De  Blainville  called  them  Lamellibranchiata.  The  Bmchiopoda,  on 
the  other  hand,  have  no  gUls,  and  respire  through  the  mantle,  whence 
De  Blain\dlle  calletl  them  Palliobranchiata.  The  Conchifera  have  their 
shells  on  each  side  of  the  body,  as  if  a man  were  to  enclose  himself  in 
two  great  shields,  one  attached  to  each  arm,  their  valves  then  are 
called  left  and  right  valves.  The  Brachiopoda,  on  the  other  hand,  have 
their  shells  before  and  behind  like  a great  brca.stplate  and  backplate, 
and  hence  their  shells  are  ventral  and  dorsal.  Hence  it  follows  that 
the  shells  of  the  Conchifera  are  usually  equivalve  but  ineqiulateral, 
while  the  shells  of  the  Brachiopoda  are  usually  equilateral  but  inequi- 
valve.  In  the  case  supposed  above,  if  the  two  shields  enclosing  the 
man  were  fastened  together  between  his  shoulders,  the  shields  would 
be  equal,  each  enclosing  one  half  of  the  l>ody,  but  when  mea.sured  from 
a vertical  line  dra'WTi  through  the  fastening,  or  hinge,  the  parts  of  each 

> See  Explanation  sheet  145  of  the  maps  of  the  Geological  Sun-cy  of  Ireland,  where  a 
Lithostrotion  is  figured  by  Mr.  Wynne,  which  I measured  myself,  and  found  to  be  9 feet 
across, 
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sliiel«l  would  probably  vary  in  size  and  fonn  according  to  the  fashion 
adopted.  In  the  other  case,  if  the  fastening  of  the  two  shields  were  on 
the  top  of  the  heatl,  the  parts  on  each  side  of  the  mesial  line  of  the 
IkkI}'  would  be  j)robably  equal,  and  similar  in  form,  but  the  breast- 
plates and  backplates  might  l>e  very  une<[ual  in  dimensions,  according  as 
the  projK>rtions  of  the  front  or  back  of  the  body  were  slim  or  alder- 
manic.  The  human  frame,  however,  would  very  feebly  express  the 
ine(|ualities  often  ol>serv’^able  in  the  ventral  and  dorsal  valves  of  a 
Brachiopod,  since  they  are  often  both  convex  in  the  same  direction,  »>ne 
fitting  into  the  other  and  leaving  but  a very  slender  curved  ulterior  for 
the  animal’s  body.  Tlie  ventral  shell  is  always  the  largest,  and  from  a 
hole  in  its  l>eak  there  often  proceeds  a homy  sort  of  attaclmient,  by 
which  the  animal  fastened  itself  to  ixicks  beneath  the  sea.  Tliis  in 
Teivbratula  (Wakllieimia)  australis,  is  not  imlike  the  stalk  of  an  apple, 
and  the  shells  gi*ow  in  great  clustc*rs  l>eneath  overhanging  rocks,  just 
under  low'  water,  in  Sydney  harliour,  where  I have  gatheretl  them. 
Other  sjiecies  are  foimd  only  in  deep  w'ater. 

Many  Brachiopodous  shells  have  curious  internal  shelly  jdates,  or 
spikes,  or  loops,  and  a large  portion  of  them,  if  not  all,  have  ciliated 
arms  coiled  up,  sometimes  free,  and  sometimes  atUiched  to  these  shelly 
spikes  or  loo])s.  It  is  from  these  arms  or  brachia  they  derive  their  name. 
In  the  Sj)irifenc  these  shelly  supports  of  the  arms  extend  throughout 
the  valves,  from  the  hinge  to  each  exticmity,  coiletl  in  a spiral  fonu 
like  a watch  si»ring.  In  the  Pentamenis,  three  shelly  projecting  plates 
divide  the  interior  of  the  shell  into  five  jxirts,  whence  its  name. 

Some  of  the  shells,  w’hen  examineil  microscopically,  are  found  to  be 
minutely  perforated  by  small  canals,  while  others  are  destitute  of  this 
stmeture  ; all  the  Terebratulidm,  for  instance,  am  perforated,  but  none 
of  the  Rlmichonellida)  (.see  Davidson’s  Intixxluction,  with  Carpenter’s 
«»bservations,  to  JimchiojHxlay  Palaeontological  Societg's  VolumCy  and 
Wofshvard’s  Manual  of  the  Mollusca). 

Tlie  Brachiopoda  are  numerous  in  s|XJcies,  but  are  still  moiv 
abundant  in  individuals  in  all  Pala?ozoic  rocks,  huiulretls  of  Brachio- 
jkhIous  shells  often  occiu*ring  for  one  Conchifer. 

In  the  Carboniferous  rocks,  however,  the  new  genera  of  Conchifera 
are  much  more  numerous  than  the  new  genera  of  Brachiopoda,  although 
the  species  of  those  genem  are  comparatively  few’,  and  the  individual.^ 
.scara*,  compared  to  those  of  the  BmchioiXKla,  so  far  as  the  limestones  of 
the  foniiation  are  concerned,  while  in  the  shales  the  Concliifera  are 
ofteii  very  numerou-s,  c.specially  in  the  Coal-measures. 

The  Gasteropoda  likewise  shew  many  new’  genera,  several  of  which  still 
live  in  our  owm  seiw.  They,  how’ever,  as  well  as  all  other  Palaeozoic  Gns- 
teropials,  belong  to  the  Holostomatous  cla.ss,  or  those  which  have  the 
mouth.**  of  their  shells  unbroken  by  any  indentation.s.  These  are  aU  vege- 
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table  feeders,  the  notches  and  canals  in  the  mouths  of  the  carnivorous 
genera  serving  for  the  passage  of  an  armed  tube  used  for  boring  into  other 
shells  and  feeding  on  tlieir  inhabitants. 

The  Cephalopoda  shew  true  Nautili  of  the  same  genus  as  those  now 
existing,  and  diffeiing  fro'm  the  group  of  Lituites  in  the  earlier  periods, 
in  the  cur\'e  of  the  shell,  which  in  Lituites  is  more  open,  some  of  the 
whorls  not  touching  each  other.  The  genus  Clymenia,  confinetl  aj>- 
parently  to  the  lower  ])art  of  the  Carboniferous  rocks,  has  its  septa 
slightly  waved,  and  its  siphon  on  the  inner  margin  of  the  shell  instead 
of  the  centre.  Tlie  great  genus  Orthoceras  continues  and  exhibits  two 
new  modifications,  while  the  Goniatite  comes  in  as  the  liarbinger  of 
the  Ammonites. 

The  Ecliinodemiata  existed  in  the  most  enormous  abundance  in  the 
form  of  Crinoids  or  Sea  Lillies,  many  new  genera  making  their  appear- 
ance, and  beds  of  solid  limestone  a thousjuul  feet  thick,  and  hundre<ls 
of  8<|uare  miles  in  extent,  seeming  to  be  almost  entirely  composed  of 
fragments  of  these  creatures.  They  also  shew  forms  closely  allied  to 
tile  existing  Sea-Urchins,  although  these  were  as  yet  rare. 

Among  the  Crustacea,  the  great  group  of  the  Trilobites  becomes 
limiteil  to  one  or  two  genem,  Griffithides  and  Phillipsia,  and  then  they 
disappear  in  toto,  and  have  never  been  fomul  in  any  newer  rock.  The 
genus  Bellinurus,  however,  begins  to  exist  in  small  foniis,  wliich  ]»re- 
tigure  the  large  Limulus  or  King  Crab  of  the  present  day,  and  other 
bivalvular  Cypris  or  Cythere-like  cnistacenns  likewise  make  their  ap- 
pearance together  with  many  species  of  Dithyrociiris. 

Insects  also  existed,  their  wing  cases  and  parts  of  their  bodies 
having  l^en  found  in  the  Coal-measures. 

Great  FLsh  existed  with  polished  bony  scales,  and  others,  like  the 
Port  Jackson  shark,  with  pavements  of  flat  teeth  over  their  mouths  and 
gullets,  in  onler  to  crush  and  grind  shells.  Fish  teeth  and  scales  are 
found  in  great  abundance  in  some  places  in  the  Carboniferous  rocks, 
and  sometimes  their  whole  skins  nearly  a.s  i>erfect  as  would  l^e  the  skin 
of  a living  fish  prepared  for  a museum  ; the  latter  generally  occuiring 
in  the  shale  beds  or  in  the  ironstones  included  in  them. 

AVe  also  now  get  the  first  indubitable  j)roofs  of  the  existence  of 
Reptiles  in  the  fossils  found  in  some  ])arts  of  the  Continent  and  North 
America,  although  none  have  yet  been  met  with  in  the  British  islands. 

Extinction  of  form*  towards  the  close  of  this  period. — Besides  those 
generic  forms  which  were  marked  in  the  list  at  p.  636  by  an  asterisk,  to 
shew  that  they  died  out  towards  the  close  of  the  period,  and  have  not 
left  any  remains,  so  far  as  is  yet  known,  in  any  newer  rock,  other 
generic  forms  which  livetl  in  preceding  periods  now  died  out  and 
became  extinct.  Of  these  the  following  may  be  taken  as  an  approxi- 
mately accui-ate  list : — 
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Actinozoay  Alveolites,  Clisiophyllum,  Cyathaxonia,  Cyathophyllum, 
Favosites,  Heliolites,  Sarcinula,  Strephodes,  Syringopora,  Zaphren- 
tis,*  all  from  the  Cambro-Silurian  or  Silurian  periods. 

Polyzoa^  Polypora,  Ptylopora. 

Brachiopoda^  Athyris,  Chonetes,  Orthis,  Pentamerus,  Retzia. 

Co)ichifera,  ? Pterineat,  Conocardium,  Dolabra,  Leptodomus,  Sanguino- 
lites. 

Oasteropoday  Raphistoma. 

Pteropoduy  Conularia. 

Cephalopoday  Actinoceras,  and  all  the  Orthoceratidaj,  so  far  as  the 
British  rocks  are  concerned. 

Echinodermatay  Actinocrinus,  Pakechinus,  Poteriocrinus,  Rhodocrinus, 
Taxocrinus. 

Anneliday  Seq>ulites. 

Crustaceay  C\"pridina,  EHthyrocaris,  and  the  whole  order  of  Trilobites. 

Fisky  Acanthodes,  Asterolepis,  Ctenacanthus,  Ctenoptychius,  Diplop- 
terufl,  Onchus,  Ptycacanthus. 

* Except  one  doubtful  apeciee  in  the  Inferior  Oolite. 

t A apcciea,  referred  to  thia  genua  with  doubt,  occurs  in  Carboniferous  rocks.  If  not 

rightly  so  referred,  the  genus  became  extinct  at  the  close  of  the  Silurian  Period. 


CHAPTER  XXXI. 


PERMIAN  PERIOD. 

In  the  exaniination  of  the  great  series  of  British  rocks,  a large  grouj) 
of  reddish-coloured  sandstones  is  met  wdth,  Ijdng  above  ihe  Carboni- 
ferous rocks,  similar  in  geneml  aspect  to  those  which  lie  below  them. 
These  red  sandstone  groups  were  called  the  Old  and  New  Red  Sand- 
stone. We  have  seen  in  the  preceding  pages  that  it  ^vill  be  necessary 
for  the  future  to  separate  the  Old  Red  Sandstone  into  two  jmrts — the 
one  forming  the  upper  part  of  the  Lower  Palaeozoic  series ; the  other 
forming  the  base  of  the  Upper  Palaeozoic  series,  the  intermeiliate  or 
passage  beds  between  the  two  being  not  yet  known. 

The  necessity  for  separating  into  two  distinct  parts  the  beds  previ- 
ously classed  together  as  New  Red  Sandstone,  was  recognised  some 
years  ago  by  Sir  R.  I.  Murchison.  This  separation  has  indeed  been 
made  so  ^^^de  as  to  class  the  two  jmrts  in  different  epochs,  the  one 
forming  the  uppermost  of  the  Palaeozoic,  while  the  other  forms  the  base 
of  the  Mesozoic  series. 


TYPICAL  ROCKS. 

Russia  and  Germany. — When  Sir  R.  L Murchison  examined  Russia 
and  the  Ural  Mountains,  he  found  a great  series  of  “ grits,  sandstones, 
marls,  conglomerates,  and  limestone,  sometimes  enclosing  great  imisses 
of  gyi^sum  and  rock  salt,”  overlying  the  Carboniferous  rocks,  but  be- 
neath the  Trias,  and  occupying  the  district  which  fonned  the  ancient 
kingdom  of  Perm.  He  proposed,  therefore,  the  name  of  the  Pennian 
rocks  for  them. 

The  lower  part  of  this  deposit  agreed  with  the  re<l  beds  which  in 
Germany  had  received  the  name  of  the  “ rothe-totltliegcnde,”  or  red 
dead-layers.  These  were  called  “ dead”  because  the  copper  which  was 
workwl  in  the  beds  above  tliem  died  out  as  they  came  into  these  beds 
below.  These  lower  red  beds  swell  out  in  the  Tlmringer\vald  to  a 
thickness  of  4000  feet  {Siluriay  p.  333),  though  this  must  be  taken  as 
a mere  local  exception  to  its  general  dimensions. 

Above  this  are  certain  beds  of  dark  shale,  with  copper  ore,  hence 
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callwl  Kupfer  Schiefer,  and  over  that  a limestone  called  the  Zechstein, 
which  passes  up  into  a red  and  mettled  marl,  called  the  Bunter 
Schiefer. 

The  section  there  is — 

4.  Bunter  Schiefer. 

3.  Zechstein. 

2.  Kupfer  Schiefer  or  MergeL 

1.  Rothe-todtliegende. 

Durham  and  the  Xorth-East  of  England. — Professor  Sedgwick, 
in  his  celebrated  paper  in  the  third  voL  Trans.  Geol.  Soc.j  Lond., 
described  the  rocks  of  Durham  as  follows  :* 


Feet 

6.  Rtnl  g}'pseou8  marls 

100 

5.  Thin  bedded  gray  limestone 

80 

4.  Red  gj’pseous  marls,  slightly  saliferous 

200 

3.  Magnesian  limestone 

600 

2.  Marl  slate 

60 

1.  Lower  red  sandstone 

200 

Of  these,  No.  1 is  the  same  as  the  rothe-todtliegende  ; No.  2 is  identi- 
cal with  the  Kupfer  Schiefer,  containing  numy  of  the  same  peculiar 
sj>ecies  of  fish  ; and  the  beds  above  may  be  equally  paralleled  with  the 
Zeclistein  and  Bimter  Schiefer. 

1.  The  Lower  Red  Simdstone  is  a very  irregular  dejx>sit,  lying  \m- 
coiiformably  on  the  Coal-iueasures,  and  in  hollows  eroded  in  their  sur- 
face. Nevertheless  it  contains  plants  of  the  same  species  as  those  of  the 
CA>al-measures. 

2.  The  Marl  slate  is  a bro\m  indurated  fissile  shale,  wdth  occa- 
sional beds  of  thin  compact  limestone. 


Characteristic  Fossils. 

Plants^  Neuropteris  Hutton iana  ; Caulerpa  selaginoides. 

Drachiopoda^  Lingula  Credneri ; Discina  speluncaria  ; Productae  and 
Spirifers. 

Fish^  Palaconiscus  elegans,  comptus  (Foss.  gr.  20,  c),  glaphyrus,  etc.  ; 
Platysonms  macnirus  ; Acrolepis  Sedgwickii ; Pygopterus  mandi- 
bularis,  etc.  ; Caclacanthus  granulosus  (Foss.  gr.  20,  h). 

3.  The  Magnesian  limestone  is  a singularly  diversified  mass  of  lime- 
stones, sometimes  compact,  at  others  crystalline,  brecciated,  earthy, 
globular,  oolitic,  cellular,  etc. ; some  beds  like  piles  of  cannon  or  mus- 

* See  also  an  excellent  pa]>er  on  the  Penuian  rocks  of  Soath  Yorieshire,  by  Mr.  Kirby, 
Qttarterly  Journal  Geological  Society,  voL  r\ii. 
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ket  balls,  others  like  bunches  of  grapes,  etc. ; some  very  hard,  some 
quite  friable,  some  tliin  and  flexible.  General  colour  shades  of  yellow, 
sometimes  red  and  bro^^Ti. 


Foiutil  Orou]t  No.  20. 

Permiau  Fi»h. 

o.  PlalyaomuH  striatus.  6.  Ceelacanthus  graniiloHiiB.  c.  Paltt‘oniscns  comptus. 


Its  characteristic  fossils  are  numerous,  the  following  l>eiiig  a 
selected  list : — 


Voltzia  Pliillipsii 


Polycaelia  profunda  . 

Fenestrella  retifomiis 
Synocladia  \irgulacea 
Thanmiscus  dubius  . 


Plants. 

• • 

Actinozoa. 
• • 

Polyzoa. 


BracKwpoda. 

Camarophoria  Schlotheimi  . 

Producta  horrida 


Lind.  Foss.  flo.  195. 

Pal.  Soc.  King,  and  Ed. 

Foss.  gr.  21,  h. 

Foss.  gr.  21,  rt. 

King.  Per.  fos.«<. 

Foss.  gr.  21,  rf. 

Foss.  gr.  21,  c. 
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Spirifera  cristata  . 

Strophalosia  Goldfussii  . 

Conch  if  era 

Avicula  speluncaria 
Axinus  obscunis  . 

tnmcatus . 

Bakevellia  antiqua 
Cardiomorpha  iiiodiolifonnis  . 
Pleurophonis  costatus  . 

Schizodus  Schlotheimi  . 


* King.  Per.  foss. 
Ibid. 

Ibid. 

Ibid. 

Ibid. 

Foss.  gr.  21,  e. 
King.  Per.  foss. 
Foss.  gr.  21,/. 
King.  Per.  fos.s. 


Fossil  Group  No.  21. 
Permian  Fossils. 


o.  SjTJOCladia  virgulacea. 
h.  Fenestrella  retifonnis. 

c.  PiXKlucta  horrida. 

d.  Camarophoria  Sclilotbeiini. 


e.  Bakevellia  antiqua. 

/.  Pleurophonis  coslatus. 

g.  Loxonemn  fasciatum. 

h.  Macrocheilus  syiumctricns. 


Gasteropoda. 

Euomphahis  Permianus 
Loxonema  fasciatum 
Macrocheilus  sjTnuietricus 


King.  Per.  foss. 
Foss.  gr.  21,^. 
Foss.  gr.  21,  A. 


♦ King’s  Permian  Fossils,  PaL  8oc.  vol. 
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Natica  Leibnitziana 
Pleurotomaria  antrina  . 


Kiug.  Per. 
Ibid. 


4 ar 

oho 


Cephalopoda. 

Nautilus  Bowerbankianus 
Freieslebeui  . 


FUh. 

Platysomus  striatus 


■ Ibid. 
Ibid. 


Foss.  gr.  iJO,  a. 


Midland  counties  of  Enejland. — Tlie  magnesian  and  otlier  limestones 
of  the  Durham  section  die  away  towards  the  south,  and  finally  disfippear 
near  Nottiiigliani. 

Tliere  are,  however,  in  Warwick,  Staffonl,  Shropsliire,  and  Clieshire, 
a great  series  of  beds,  occu])ying  the  same  relative  position  between  the 
Coal-measures  and  the  Trias,  or  New  Red  Stindstone  j)roper,  as  may  be 
seen  from  the  section  in  fig.  1 17,  which  exhibits  the  whole  series  of 
beds  which  in  that  country  interv’ene  between  the  top  of  the  Coal- 
measures  and  the  base  of  the  Lias. 

The  diagram  is  constructed  partly  from  sheet  23  of  the  Horizontal 
Section  of  the  Geological  Survey.  Tlie  parts  belonging  to  the  Permian 
group  are  those  called  b and  c. 


Fig.  117. 


Diagrammatic  section  across  the  Clcnt  Hills,  000  feet  high,  from  the  south  eiul  the 
South  Stalfordshire  cool-flcld  to  the  Lias  of  Worcestershire. 


Oolitic. — f. 
/ *:  (h. 

I 

93  \ 


Lias — 

Reil  marls,  with  salt  nn«l  gj’psum 

Waterstones,  white  freestone  with  thin  brown  sandstone 
and  marl 


t /.  Soft  rc<l  and  brown  mottled  sandstone  .... 

I e.  Pebble  bed.s,  uucomiwcted  conglomerate  of  pebbles  of  (juart/ 

I rock,  carj-ing  from  150  to  

Soft  brick  Ixjd  sandstone,  varj'ing  from  0 to 


Permian. 
Carboniferous. 


( c.  Trappean  breccia 

t b.  Re«I  marls  and  saudsUines,  with  thick  conuitone  bau<ls 


Coal-measures. 


Feet. 

.•iOO 


200 


500 

300 

550 

450 

400 


The  marls  in  group  b are  often  remarkable  for  then-  deep  bhawl-red 
character,  and  some  of  the  sandstones  are  likewise  dark  re«l.  'Flic 

2 A 2 


546 


PEUMUN  PERIOD. 


conistoncii  are  <iuite  like  those  of  the  Old  Red  Saiulstone,  and  were  at 
one  time  believed  to  belong  to  it ; one  of  the  earliest  descrii)tion8  of 
the  conistone  of  the  Old  Red  Sandstone  being  taken  in  fact  from  these 
beds. 

The  Trappean  breccia  c consi.sts  in  some  parts  so  entirely  of  loose 
angular  fragments  of  a porphyritic  traj>  that  it  was  believed  to  Ixj 
merely  the  superficial  debiis  derived  from  the  solid  trap  rock  beneath. 
In  other  jmrts,  however,  it  contains  s<iuare  slabs  and  angular  fragments 
of  Llandoveiy  sandstone,  and  other  fmgmeiits,  so  that  Profe.ssor  Ramsay 
belie ve.s  that  some  of  them  must  have  been  transjwrted  by  ice.  {(Quar- 
terly Journal  of  the  Geoloyical  Society^  vol,  ii.,  p.  185,  and  Me7ns.  OeoL 
South  Staffordshire  Coalfield,  2d  Edition.) 

Ireland  and  Scotland. — Tlie  red  sandstones  of  Roan  Hill,  near 
Dungannon,  containing  abundance  of  Paheoniscus  catoptenis,  are  pro- 
bably Permian.  Yellow  magnesian  limestones,  exactly  like  those  of 
Duiham,  and  with  many  of  the  chamcleristic  fossils  previously  men- 
tioned, occur  in  patches  at  Ardtrea,*  county  T}'rone,  and  blocks  of  it 
have  been  found  at  Cultm,  near  Belfast. 

The  red  sandstones  of  Dumfries,  with  tracks  of  reptiles  so  beautifully 
ligured  by  Sir  W.  Jardine  in  his  “ Ichnology  of  Annandale,”  may  also 
]s)ssibly  belong  either  wholly  or  in  part  to  the  Pennian  rather  tlionthe 
Trias.'^ic  Period. 


Life  of  the  T^eriod. 

Our  evidence  as  to  the  life  of  this  period  is  verj*  scanty.  Some  of 
the  vegetation  of  the  Carboniferous  Period  seems  to  have  l)een  still 
existing  during  the  early  jmrt  of  the  Permian  ; but  to  have  been  re- 
})lace<l  by  other  fonns  during  the  latter  jmrt.  This  alone  would  lead  one 
to  suspect  the  jMissage  of  a vast  interval  of  time  as  yet  unaccoimted  for. 

In  the  animal  kingdom  the  genera  Fenestrella  and  Producta,  and 
several  genera  of  fi.sh  which  are  common  in  earlier  Palajozoic  rocks  still 
existed.  Labyrinthodont  reptiles,  also,  of  which  indiaitions  appejired  in 
the  up}X‘r  rocks  of  the  Carboniferous  Period,  e.xisted  during  the  Pennian, 
and  into  the  next  (or  Triitssic  period),  when  they  became  perhaps  most 
abundant. 

There  are  not  many  new  fonns  of  life  that  date  from  the  Pennian 
Period  ; but  this  may  be  l»ecanse  of  the  very  defective  state  of  the 
recoixls  of  it  which  have  come  down  to  ii.s,  or,  in  other  words,  because 
the  fossil iferous  groups  of  Pennian  rock  we  yet  know  are  few  and  far 
between. 

The  following  list  contains  all  that  could  be  named  : — 

* Sop  Pr»>fosi«or  Kin^'’8  pai>er  (Dublin  Kat.  Sevicir,  No.  x.),  or  Journal  of  the  Gedogi- 
rnl  .Society,  Dublin,  vol.  vii. 


GAPS  IX  THE  SERIES. 


547 


Plant iy  * Caiilerpites,  Confervitcs,  Voltzia, 

S})onyula:y  * Bothroconis,  • Mammillojwra. 

Foraminiferay  Dentalina,  Spirilluia,  Textularia. 

Actinozoay  * Pt^lvcaelia. 

Polyzoay  • Synocladia,  * Thaniniscus. 

Brachiojioday  None. 

Conckifertty  * Bakewellia,  \ Luua,  * Schizodus  (jmrl  of  Axiuus). 
Ga^teropoday  ?Rissoa. 

Anneliday  Veniiilia. 

FUhy  *Acrolepis,  * Gyropristls. 

RejdUetiy  Labyrinthodon,  ♦ Palajosaunis,  Thecodontosaiirus,  ?Iclinites  of 
Conicockle  Moor,  etc. 

In  addition  to  the  genera  marked  with  an  asterisk,  as  having  botli 
commenced  and  ende<l  their  existence  in  this  period,  the  following, 
which  date  from  earlier  times,  aj^pear  now  to  have  become  extinct ; — 

PlantSy  Neuroptcri.s,  Sigillaria,  and  Stiguiaria. 

Actinozoay  Chajtetes,  Fistuliiwra. 

Polyzoay  Fcnestrella,  Glanconome. 

Brachiopoday  Camarophoria,  Orthisina,  Produchu 
Conchiferay  Axinus,  Myalina,  Solemya. 

Echinodermatay  Cyathwrinus,  Arclncocidaris. 

Crustaceay  Ceratiocaris. 

Fishy  Coelacanthus,  Gyracanthus,  Palajoniscus,  Platysomus,  Pygoi)terus. 


Gaps  in  the  Pal.®ozoic  Series. 

It  will  be  useful,  perhaps,  if  we  just  pau.se  for  an  instant  to  note  the 
gaps  or  breaks  in  the  succession  of  rocks  hitherto  described,  or  those 
jMUts  wheixi  there  seem  to  be  beds  wanting  in  different  parts  of  it. 

In  Ireland  there  is  a distmct  break  between  the  Cambrian  and  the 
Cambro-Silurian  rock.s,  so  that  the  upper  part  of  the  one  and  the  base 
of  the  other  are  both  wanting.  It  is  possible,  perhaps,  that  this  defi- 
ciency is  completely  supplied  by  the  Lingula  flags  of  North  Wales.  At 
the  same  time  this  is  by  no  means  certain  and  one  or  more  inteniieiliate 
groups  or  formations  may  yet  be  discovered  in  other  parts  of  the  world. 

There  is  also  a distinct  break  between  the  Cambro-Silurian  and 
upper  Silurian  rocks.  Elevation  and  denudation  were  both  taking  place 
during  the  deposition  of  the  Llandovery  rocksj.  Dr}'  land  was  formed 
where  sea  prevailed  before,  and  where  subsequent  depression  allow'ed  it 

1 All  the  Permian  Corals  known  belong  to  Rngosa  and  Zoantharia  tabulata ; iHit  the 
. order  Rugosa  now  illsai)i)ear8  wIUj  the  exception  of  one  single  species  (Holocystis  elt*gan.*<), 
which  is  found  in  the  Greensand  of  the  Cretaceous  Period  (Greene' $ Manual  of  Codenttmia). 
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to  spread  afterwards,  as  shewn  by  Edward  Forbes  and  Professor  Ramsay 
in  the  Longmjmd  country. 

When  we  reacli  what  is  called  the  Devonian  Period  we  have  the 
clearest  evidence  of  an  enormous  break  in  the  series.  The  utter  dis- 
cordance in  Scotland  of  the  upper  part  of  the  Ohl  Red  Sandstone,  on 
what  Mr.  Geikie  still  calls  the  lower  Old  Red  Sandstone,  the  similar 
discordance  of  the  Old  Red  Sandstone  proper  on  the  Dingle  beds  of 
Ireland,  the  concealed  but  still  existing  discordance  of  the  correspond- 
ing groups  in  the  district  of  Siluria,  prove  this  gap. 

Tlie  impos.sibility  of  pointing  to  any  place  where  there  is  to  be  seen 
a regular  succession  of  beds  from  true  upper  Silurian  through  the 
Devon  and  Eifel  limestones  into  the  Carboniferous  series,  is  evidence 
in  favour  of  the  same  fact.  The  change  in  the  forms  of  life  between 
the  Upper  Silurian  and  Low'est  Carboniferous,  only  jjartially  and 
obscurely  accounted  for  in  the  fo.ssils  of  the  Devonian  slates  and  lime- 
stones, corroborates  it. 

It  is  possible  that  some  of  the  rocks  of  North  America  fill  up  a 
pc)rtion  of  this  gi’eat  gap. 

The  great  Carboniferous  formation  as  developed  in  the  British 
islands  is  perhaps  the  best  example  we  have  in  the  world  of  a continu- 
ous series,  but  when  we  come  to  the  Permian  grouj>s,  and  the  Triassic 
immediately  above  them,  continuity  of  deposition  is  e\ndently  the  ex- 
ception rather  than  the  rule.  Elevation  and  disturbiince  prevailed  then 
as  it  did  in  the  interval  between  the  Upper  Silurian  and  Carboni- 
ferous fonnations,  and  even  to  a still  grejiter  extent.  Much  dr}’-  laud 
was  probably  formed,  vast  denudation  took  place  by  the  slow^  process  of 
the  waste  of  coasts  and  the  atmospheric  degradation  of  exjHDsed  countries 
in  both  these  vast  intervals,  and  the  rocks  at  present  known  to  us  are 
chiefly  the  results  of  this  -svaste,  detritus  deposited  here  and  there  in 
local  patches,  or  a few  still  more  local  remnants  of  the  intervals  of 
tranquil  deposition  in  the  lakes  or  on  the  sea  bottoms  of  the  periods. 

TTie  Cambro-Silurian,  the  Uj)per  Silurian,  and  the  Carboniferous, 
may  be  taken  as  three  tolerably  complete  and  consecutive  groups  of 
rock,  three  isolated  volumes  of  our  historv.  The  Cambrian  and  Pre- 
Cambrian  records  are  difficult  to  decipher.  The  Llandovery,  the 
Devonian,  and  the  Permian  records,  are  but  a few  tom  and  half  obli- 
terated leaves  from  lost  volumes  that  may  perhaps  never  be  recovered. 


SECONDARY,  OR  MESOZOIC  EPOCH. 


^ 

CHAPTER  XXXII. 

TRIASSIC  OR  NEW  RED  SANDSTONE  PERIOD. 

The  tcmi  Trijia  is  a continental  one,  as  in  Germany  and  the  borders  of 
France  the  rocks  deposited  during  this  period  formed  three  well 
marked  groups.  Tlie  contemporaneous  rocks  in  Britain  were  called 
New  Red  Sandstone,  under  which  tenn,  however,  were  included  at  one 
time  those  that  have  just  been  described  as  Permian. 

It  will  be  best  to  look  to  the  Continent,  in  the  first  instance,  as  con- 
taining the  most  typical  series  of  rocks  of  this  jwriod. 


Typical  Groups  of  Rock. — Germany — 

Feet 

3.  Keuper 

1000 

2.  Muschelkalk 

600 

1.  Bunter  Sandsteiii 

1500 

1.  The  Buntcr  Stmdstein,  or  “ variegated  sandstone,”  Is  a red  and 
white  sandstone  interstrati fied  with  red  marls  and  thin  bands  of  lime- 
stone, sometimes  oolitic,  sometimes  magnesian.  This  is  the  “ Gres 
bigarre  ” of  the  French. 


Characteristic  Fossils. 

Plants^  Thirty  species  have  been  found  near  Strasburg  ; Ferns,  Cycads, 
and  Conifera.  Among  them  are  Calamites  Mougerti,  Equise- 
tites,  iEthophyllum  speciosum  and  stipularo,  Neuropteris  elegans, 
Voltzia  heterophylla,  Albcrtia  elliptica,  Anomopteris. 

Fishy  Acrodus  Braimii,  Placodus  impressus. 

ReptileSy  Trematosaurus,  Nothosaurus  Schimi»eri,  footprints  of  Laby- 
rinthodon. — {Vogfs  Lehrhuchy  vol.  i.  p.  383). 

2.  Muschelkalk.  A comj>act  reddish  gray,  or  yellowish  limestone, 
rarely  oolitic,  but  in  some  jdaces  magnesian,  esi)ecially  in  the  lower 
beds,  which  include  beds  of  gypsum  and  rock  salt.  It  might  accord- 
ingly be  divided  into  two  sub-groups — 
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h.  Upper  Muschelkalk,  regularly  bedded  limestone,  more  than  300 
feet  thick. 

a.  Alternations  of  limestone,  dolonute,  marl,  and  gy}>sum  or  anhydrite 
and  rock  salt,  280  feet. 

Characteristic  Fossils, 


lircKhiopoda,  Terebratula  \’ulgaris,  Foss.  gr.»22,  h, 

Cmickifera^  Gervilia  socialis  ; Lima  striata ; Myophoria  vulgaris,  Foss, 
gi’.  22,  d \ Ostrea  placimoides  and  Schubleri ; Pecteii  discites, 
P.  laevigiitus. 

(Jasteropoila^  Turritella  reallata. 


Muschelkalk  Fossils. 

n.  Encriims  liUiformis.  d.  Myoplmria  vulgaris. 

h.  Terebretuln  vulgaris.  e.  Nautilus  hexagonalis  or  bidursalis. 

c.  Avicula  (Gcnilin)  sociali.s.  /,  Ceratites  nodosus. 

Cejihalojwda,  Ceratite.s  nodosus,  Foss.  gr.  22,/;  Nautilus  hexagonali.>5, 
Foss.  gr.  22,  € ; N.  liinmdo. 

Fchinjodermata,  Eiicrinus  liUiformis,  Foss.  gi*.  22,  a ; Ophium  pri.sca, 
O.  sciitellata. 
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Acrodiis  Guillanloti  ; CeraUxlus  heteromorj)liiu» ; Hybotlus 
Mougeoti  and  major  ; Pemphix  Suensi ; Saiirichtliys  aj)icalis  luid 
costatu-s. 

RepiUs^  Nothosaunis  ; Simosaurus. — {Vogt). 

3.  Keu|xir.  Manies  irisees  of  the  French.  Princij)ally  red  and 
green  marl,  but  ia  locally  divisible  into  three  8ub-groiij>s,  namely  : — 

c.  Keuj>er  sandstone  of  a yellowish  M'hite,  sometimes  green  and  retl- 
(Ush  colour,  containing  Calamites  and  other  plants. 
b.  Keu])er  marls,  with  gypsum  and  dolomite,  containing  Coprolites, 
Fi.sh,  and  Saurian  bones,  scales,  and  teeth. 
a.  Lettenkohle  (clay  coal)  gnmp,  a dark  gray  shale  or  gray  sand.stone, 
containing  small  irregular  betls  of  impure  earthy  coal,  with  re- 
imiins  of  Mastodonsaurus  (Lab\Tinthodon),  GervuUia,  Lingula,  and 
Estheiia. 

This  latter  group  re.sts  directly  on  the  Muschelkalk,  and  .seems, 
from  its  animal  i-einains,  to  belong  to  it,  but  iU  plants  are  those  of  the 
Keuper. 


Characteristic  Fossils  of  the  Keiij>er. 

Plants^  Calamites  arenaceus  ; Equi.sctites ; Pterophyllum  Jaegej-i, 
and  Mimsteii  ; Nilsonia, 

Crustacea,  Estheria  minuta. 

Reptiles,  Mastodonsaurus  (LabyrinthcKlon),  Ca])itosaunis. 

Mammal,  Microle.stcs  antiquus. 

Near  Stuttgart,  and  in  other  im«1.s  of  Gennany,  the  Keujxir  siind- 
stone  is  capped  by  a layer  of  sandstone  breccia,  full  of  the  remains  oJ 
Saurians  and  Fish  in  fragments,  exactly  like  that  known  in  England  as 
the  “ bone  Vied.” 

In  the  Sujiiilement  of  Sir  C.  Lyell’s  Manual,  published  in  1857, 
there  are  described  a number  of  beds  which  contiiin  a mixture  of  fo.s.sil 
forms  belonging  to  Palajozoic  and  Me.sozoic  types. 

Near  Hallstatt  (south-east  of  Salzbui-g),  on  the  north  side  of  tlie 
Austrian  Alps,  and  at  St  Cassian  on  the  south  side,  are  a set  of  beds 
conijMised  of  re<l,  pink,  and  white  marble,  from  800  to  1000  feet  in 
thickne.ss,  and  containing  more  than  800  species  of  fo.ssils. 

These  species  are  mostly  peculiar  to  the  Hallstatt  and  St.  Cassian 
beds,  but  they  belong  to  genera,  some  of  which  ai-e  only  to  be  found 
elsewhere  in  beds  belonging  to  the  Palroozoic  rocks,  while  others  are 
e<iually  confined  to  beds  of  Mesozoic  age,  a.s  is  shewn  in  the  following 
table  : — 
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PaL/EOZOIC  Gekhra. 

Triassic  Genera. 

Mesozoic  Genera. 

Cyrtoceras. 

Ceratites. 

Ammonites. 

Orthoceras. 

Scoliostoma. 

Belemnites. 

Goniatites. 

Naticella, 

Neriuaea. 

Loxonema. 

Platystoma. 

Opis. 

Ilolopella. 

Isoarca. 

Cardita. 

Murchisonia. 

Pleurophonis. 

Trigoiiia, 

Euomphalus. 

Myophoria. 

Myoconchus. 

PorceUia. 

Monoti.s. 

Ostnca. 

Megalodon. 

Koninckia. 

Plicatula, 

Cyrtia. 

Thecidiurn. 

“ Tlie  first  column  marks  the  last  appearance  of  several  genera 
wliicli  are  characteristic  of  Pala*ozoic  strata.  The  second  shews  those 
genera  which  are  characteristic  of  the  Upper  Trias,  either  as  peculiar 
to  it  or  as  reaching  their  maximum  of  development  at  this  era.  The 
thinl  column  marks  the  first  appearance  of  genera  destined  to  become 
more  abundant  in  later  ages.” — {LydVs  Siipjtlement) 

Underneath  the  Hallstatt  and  St.  Ca.ssian  beds  are  others  called  the 
Quttenstein  and  Werfen  beds,  containing  CeratiUs  cassianus^  Myacites 
fasmensisj  Natkella  costata^  etc.  Tliey  consist  of — 

Feet. 

h.  Quttenstein  beds,  black  and  gray  limestone,  alterna- 
ting with  red  and  green  shale  . . .1 50 

a.  Werfen  beds,  red  and  green  shale  and  sandstone, 
wdth  gypsum  and  rock  salt. 

It  is  yet  doubtful  whether  these  are  only  a lower  portion  of  the 
Si.  Cassian  beds,  or  are  to  be  con.sidered  as  equivalents  of  the  Lower 
Tria.s. 

Over  the  St.  Cassian  beds  again  come  2000  feet  of  white  or  grayish 
limestone,  known  as  the  Dachstein  l)eds,  and  above  these  50  feet  of 
gray  and  black  limestone  wdth  calcareous  marls,  called  the  Koessen  bwls, 
or  Up})er  St  Ca.ssian,  by  M.M.  Escher  and  Meriim.  Each  of  these 
groups  contains  a j>eculiar  set  of  fossils  of  a character  which  renders 
it  uncertain  wdiether  they  should  be  classed  jus  Upi>er  Triassic  or  as 
Lower  Liassic  groui>s. 

The  Dachstein  beds  are  uiifossilifcrous  below,  but  the  upper  portion 
contains  beds  entirely  made  up  of  Corals  (Lithostrotion),  and  others, 
containing  Heniicardium  Wulferi,  Megalodon  triqueter,  and  other  large 
bivalves. 
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Tlie  Kicfweu  bods  contain  as  characteristic  fossils,  A\ncula  coutorta 
and  inajquivalvis,  Pecten  Valoniensis,  Cardiuiu  Rhcticnm,  Spirifera 
Munsteri,  together  ^nth  many  Brachioixxla,  some  peculiar,  a few  foimd 
in  the  Lias.  “ According  to  Mi-.  Suess,  the  Kccssen  beds  corresjxnul 
to  the  ui)per  bone  bed  of  Swabia.” — {LyelVs  Sa2>j>hment). 

It  aj)pears  most  ]>robable  that  we  may  chiss  these  formations  as 
follows  : — 


Bunter. 


I 

I 


Kcessen  or  Upper  St.  Cassian  berls. 
Dachstein  beds. 

HalLstiidt  and  St.  Cassian  beds. 
Guttenstein  beds. 

Werfen  beds. 


How  far  the  beds  may  be  continuous,  or  what  gaps  may  be  unrepre- 
sented among  them,  renuiius  doubtful.  It  is  possible  the  Muschelkalk 
should  be  interadated  between  two  of  them,  and  that  all  these  mav 
be  merely  a few  isolated  fnigments  of  the  series  that  miglit  have  been 
dep(^sited  during  a vast  imperfectly  represented  iiiterviil. 

Oreat  Britain. — In  our  o^^'n  countrv  it  is  certain  that  the  series  is 

ft/ 

hereafiouts  very  iin])erfect.  The  beds  we  have,  however,  an*  the 
following  : — 

Feet. 

I 5.  Red  marls,  with  rock  salt  and  gypsum  . loot) 

Keuper.  •:  4.  ^^^lite  and  brown  .siuidstones,  ^^^th  bed.-* 

( of  red  marl  (A^’^t^I^^rstones)  . , 300 

( 3.  Upi)er  red  and  mottle<l  sjindstone  . . 500 

Bunter.  2.  Pebble  la'd.s  or  uncompacted  conglomemtes  500 

( 1.  Lower  red  and  mottled  sandstone  . 250 

Tlic  thicknesses  given  above  arc^  the  maxima  ever  supposed  to  be 
attained  by  the  several  groups,  those  maxima  never  existing  together  in 
any  one  place,  so  that  the  average  maximum  thickness  of  the  whole 
does  not  probably  e.xceed  1000  or  1500  feet. 

The  “ Bunter”  sandstones  are  genersdly  soft,  “ brick-re<l,”  thick- 
be«lded  sand.«tones,  \rith  much  obli<|ue  lamination,  luid  occa.sional  thin 
bands  of  clay  or  marl.  Green  or  white  blotches  occur  hci-e  and  there. 

Thick  beds  of  (]uartzo.se  gravel  occm-  in  it  frequently,  sometimes 
ct*mpacted  into  a regular  conglomerate,  but  often  loose  and  incoherent, 
so  as  to  appear  like  “ drift”  {Mems.  G.  S.,  South  Staff,  cml-field).  These 
“ i»ebble  Ixids”  occur  alx)ut  the  middle  of  the  group,  but  sometimes  form 
it.“i  l)ase,  to  the  exclusion  of  any  part  of  No.  1.  Like  all  conglome- 
rates, they  are  very  capricious  in  their  occurrence,  setting  in  and  ending 
<]uitc  suddenly.  J^hIs  of  marl  are  sometimes  associated  with  them. 

Tlie  “Keuper”  be<ls  have  almost  invariably  the  “waterstone” 
subdivision  at  their  base,  often  containing  beds  of  white  sandstone, 
which  are  used  for  building  stone. 

2 B 
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The  red  clays  or  marls  above  these  contain  frequently  l>ed8  of 
gypsum,  and  sometimes  beds  of  rock  salt,  which  are  often  as  much  as 
80  or  100  feet  in  thickness.  These  are  worked  largely  in  the  centre  of 
Cheshire,  and  have  also  been  pierced  at  Duncrae,  near  Carrickfergus, 
in  coimty  Antrim.  The  brine  springs  of  Droitwich  in  Worcestershire, 
of  ShirleyAvych  in  Stalfordshire,  and  other  places,  are  derived  from  such 
beds.  In  Cheshire,  near  No^th^^^ch,  the  following  section  shews  a 
part  of  tlie  thickness  of  these  beds  : — 

Feet. 


Upper  strata  (marl,  etc.)  . . . . 127 

1st  bed  of  rock  salt  .....  85 

Indurated  marl  (locally  called  stone)  . . 30 

2d  bed  of  rock  salt  . . . . . 106 

Indurated  marls,  with  thin  beds  of  salt  . . 151 


499 

Over  this  thickness  of  500  feet,  are  other  beds  of  marl,  etc.,  before 
we  reach  tlie  base  of  tlie  Lias,  and,  under  it,  are  other  marls,  so  that 
the  entire  depth  of  this  group  must  be  700  feet  with,  or  500  without, 
the  salt. — {Ormerod  on  Cheshire^  Geological  Journal^  vol.  iv.) 

Section,  fig.  117,  p.  545,  deduced  from  the  maps  and  sections  of 
the  Geological  Survey,  shews  these  beds  as  they  occur  in  north  Wor- 
cestershire, to  the  southward  of  the  South  Staffordshire  coalfield. 
Tliey  rest  here  ujKin  the  Permian  tiappean  conglomerates  h,  and  iifter 
dipping  gently  to  the  south  for  some  miles,  are  finally  covered  by  the 
base  of  the  Lias  i.  In  this  section  the  pebble  beds  of  the  Bimter  e 
rest  directly  on  the  Permian  c,  but  a sulKliWsion  </,  is  introduced  be- 
neath them,  to  represent  the  Lower  Soft  red  sandstone  ; as  in  north 
Staffordshire,  it  occurs  u-ith  a thickness  of  500  feet,  as  shewn  in  sheet 
54  of  the  I lor.  Sec.  G.  S.  It  is,  however,  quite  possible  that  these 
variations  are  simply  the  result  of  the  absence  of  pebbles  in  one 
locfility,  and  their  presence  in  another,  in  the  same  beds  of  sand. 

Irdand. — ^Tlie  section  in  Ireland  is  as  follows  : — 

Feet. 


Red  marls,  with  gypsum  ....  500 

Red  salt  .......  22 

Marl  and  salt  . . . . . . 26 

Pure  rock  salt  . . . . . . 84 

Mi.\t*d  rock  salt  . . . . . 14 

Pure  rock  siilt  . . . . . . 39 

Blue  bands  and  freestone,  etc.  . . . 25 


700 

{See  'pa'per  hy  Mr,  J.  B,  DoyUy  in  J,  Geol.  Soc.y  Duh.y  vol.  v.) 
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These  have  other  beds  of  red  marl  above  them,  about  100  or  15'j 
feet  thick,  over  which  is  the  base  of  the  Lias. 

Underneath  these  red  marl  beds  of  the  valley  of  the  Lagan 
occur  red  sandstones  belonging  to  the  Bunter  series,  which  have  been 
sunk  into,  near  Lisburn,  in  search  of  water,  for  a depth  of  over  600 
feet,  without  reaching  their  base. — {See  section^  Jig.  122.) 

Avicula  Contorta  Zone.,  or  Rheetic  Beds. — Dr.  Wright  of  Cheltenham 
ha.s  lately  described  {Q.  J.  Geol.  Soc.,  vol.  xvi.)  as  the  uppermost  part  of 
the  Keuper  some  beds  in  the  south  of  England  that  had  hitherto  been 
classed  with  the  Lias.  They  are  perhaps  jiroperly  intermediate  between 
the  two,  and  are  certainly  contemporaneous  with  the  “ Kossener  schicli- 
ten”  of  Giiep  (or  Uj)per  St.  Ca.ssian  of  Kscher  and  Meriun).  They  may 
be  well  seen  at  Garden  Cliff,  on  the  Severn,  near  We.'stbury,  where, 
above  tlie  red  and  gniy  shales  of  the  ordinary  re<l  marl  series,  there  is  a 
set  of  black  and  dark  gray  shales  about  35  feet  tliick,  contauiing  the 
Bone  bed,  1 inch  thick,  and  capped  by  the  gray  Lias  limestone.  They 
may  be  seen  also  at  other  i>laces  in  the  neighbourhoo<l,  and  in  War- 
wickshire and  Staffordshire,  in  which  latter  locality  (north  of  Abbotts 
Bromley)  they  were  visited  by  myself,  and  described  as  Lias  in  the  year 
1849,  juid  after>vard8  mapi>ed  by  my  colleague  Mr.  IloweU. 

Tliese  beds  are  also  represented  in  the  north  of  Ireland  at  Lisna- 
gi’ib  and  Derr}miore,  by  dark  shales  and  grits,  with  some  of  the  charac- 
teristic fossils  of  the  group. — (General  Portlock’s  Report  on  Londonderry, 
etc.,  p.  105.) 

Characteristic  Fossils. — Very  few  fossils  have  been  found  in  any 
part  of  the  New  Red  Sandstone  of  the  British  islands.  Tracks,  how- 
ever, of  several  kinds  of  reptile  have  been  found — among  others,  those 
of  the  one  formerly  called  Cheirotherium,  from  the  likeness  of  its  foot 
to  the  human  hand,  but  since  named  Labyrinth odon,  from  the  structure 
of  its  tooth.  These  impressions  have  been  met  with  also,  I believe, 
in  Permiiui  sandstones. 

Fig.  a in  the  Fossil  Group  23,  is  a reduced  representation  of  these 
foot-tmcks,  h and  c being  the  skull  and  tooth  of  the  animal  sujiposed  to 
have  Ciiused  them.  Other  tmcks  w’ere  exhibited  from  some  of  the 
sandstones  of  Staffonlshire,  by  the  Rev.  W.  Lister  of  Bushburj',  at  the 
meeting  of  the  British  Association  at  Oxford  in  1860. 

Fragments  of  fossil  wood  are  often  found  in  the  sandstones,  inter- 
stratified  with  the  red  marls  of  the  Keui^er,  and  the  fossil  fish  figured 
in  Foss.  gr.  23,  d,  was  procured  from  the  same  beds,  and  described  by 
Sir  P.  Egerton  in  Q.  J.  Oeol.  Soc.,  vol.  x.  Hybodus  Keuperinus  also 
may  be  mentioned  as  found  in  these  beds,  and  the  teeth  of  the  mam- 
malian Microlestes,  near  Frome,  by  Mr.  C.  Moore. 

The  following  fossils  are  characteristic  of  the  Rhjetic  beds  (sec  also 
Mr.  C.  Moore’s  paj>er  on  these  beds,  in  Q.  J.  G.  S.,  voL  xvii.) 
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Conchifern. 

Avicula  contorta  . . . . 

Canlium  Rlueticum 
M(Kliola  minima  . 

Monotis  dcciissatn 
OstTica  liassica. 

Pecteii  Valoniensip. 


Port.  G.  R.,  t,  25,  a. 
?Phill.  G.  Y., 

Sow.  M.  C.,  210. 
Golclfu.'^s. 

P»>rt.  G.  R.,  t.  25,  A. 


Fossil  Group  No.  23. 

Triassic  Fossils. 

ft.  Footprints  of  LabyrintUotlon  giKunt^^uiu.  c.  T<H>th  of  LabjTiuthodon  gignnonxni. 
h.  Hcnd  of  LabyrintlKwlon  gignntonni.  iL  Dipteronotus  cj-plms. 

Cruftacea. 

Estheria  minuta  ....  G(.-ol.  Tr.,  vol.  v.,  t.  28. 

Fish. 

AcfckIus  acutus  and  minimus  . 

C’crat(xliis  altus,  and  fiA-e  others 
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Hybodus  minor,  and  four  others  . 

Nemacanthus  monilifer  . v Agassiz. 

Sauriclithys  apicalis  . , J 

Lit!  and  Portion  of  the  N^ew  Red  Sayidstone  of  the  British  Islands. — 
Tlie  red  n>cks  just  «lescri})cd  rest  quite  unconfonnably  and  indiscrunin- 
ately  ujk)!!  all  or  auy  of  the  groups  of  rock.s  ineiitione<l  in  the  pre\dous 
chapters.  Tlie  Palaeozoic  rocks  of  the  British  Island.s  had  been  tilted, 
contorte<l,  and  fractured,  in  various  directions,  and  had  suffere<l  repeal 
edly  and  eiiormou.sly  from  denudation  l>efore  the  deposition  of  the  New 
Ihxl  Sandstone.  The  broken  aud  varied  surl\ic<3  which  the  Palax)7.oic 
rocks  generally  jxj.sscs.s  had  been  produced  on  them,  either  completely 
or  very'  apj)roxunately,  before  tliis  time.  The  New  Red  Sandstone 
reiK)ses  iijn)!!  tliis  sui*fac(j  usually  in  a horizontal  or  slightly  inclined 
position,  thickly  where  that  old  surface  Is  deeply  buried,  more  thinly 
as  it  tises  towanls  the  ])resent  surface  of  the  ground.  Where  the 
Palajozoic  nicks  ri.se  out  of  it  into  hills  or  momitains,  the  New  Red 
Sandstone  sweeps  round  their  margin  with  a Hat  or  gently  undulating 
surface.  In  many  cases  the  New  Red  Sandstone  ends  abrujitly  agjiinst 
the  Palaeozoic  ground,  either  from  having  been  dejicsited  against  a clitf 
of  the  older  rocks,  or  from  its  having  been  made  to  abut  against  them 
by  .subscipieiit  large  faults  and  dislocations. 

The  New  Red  Sandstone  thus  .surrounds  the  great  Pennine  chain 
of  the  north  of  England,  from  Lancashire  through  Cheshire  into 
Shropshire,  Staffowlshire,  Leicestershire,  and  Nottinghamshire,  ami 
runs  down  the  vale  of  York  to  the  coasts  of  Durhiun.  It  Ixuimls,  in 
the  same  wav,  the  Palaxizoic  rocks  of  Wales  fr*om  the  mouth  of  the 
Dee  to  that  of  the  Stwem,  and  runs  thence  through  Somerset  and 
Devon  to  the  mouth  of  the  E.\e. 

If  we  draw  a slightly  sinuous  line  from  the  mouth  of  the  Tees 
through  the  centre  of  Englaml  to  the  mouth  of  the  Exe,  we  shouM,  as 
remarke<l  by  Dr.  Buckland  in  his  Bridgewater  Treatise,  divide  Englaiul 
into  two  totally  dissimilar  parts,  in  which  the  form  and  a.sj)cct  of  the 
ground,  and  the  condition  and  employments  of  the  people,  were  alike 
contra.sted  with  each  other.  Tlie  part  to  tlie  north-west  of  this  line  is 
chiefly  Palajozoic  ground,  often  wild,  banvn,  and  mountainous,  but  in 
many  places  full  of  raineml  wealth  ; the  jKiit  to  the  south-east  of  it  i.s 
Sec'rmdar}'  and  Tertiary  ground,  and  generally  soft  and  gentle  in  out- 
line, with  little  or  no  wealth  benenth  the  soil.  Tlie  mining  and  luanu- 
facturing  populatioiLS  are  to  be  found  in  the  first  district,  the  working 
jieople  of  the  latter  are  chiefly  agriculturists. 

In  Ii'eland  the  lie  and  iiosition  of  the  New  Red  Sandstone  is  very 
interesting  and  chai’acteristic.  If  the  reader  will  place  before  him  the 
north-east  jiart  of  Sir  R.  Griftith’s  excellent  geological  map  of  Ireland, 


Digitized  by  Google 


558 


TRIASSIC  PERIOD. 


he  see  tliat  the  New  Red  Saniistone  is  confined  to  the  county 
Antrim  and  its  immediate  borders.  If  he  'will  follow  with  his  eye  the 
boundary  of  the  formation,  he  will  see  all  the  Palaeozoic  rocks  coming 
out  from  underneath  it  in  different  places.  The  Metamorjdiic  and 
Granitic  rocks,  partly  covered  by  Old  Red  Sandstone,  rise  from  under 
it  in  Londonderr}’’,  striking  north-east  and  south-west,  that  strike  being 
continued  beneath  the  New  Red,  as  appears  by  the  occurrence  of  the 
same  rocks  in  the  north-east  comer  of  Antrim,  near  Cushendall,  where 
the  upper  rocks  have  been  subsequently  removed  from  them. 

Farther  south,  about  Dungannon,  different  jMjrtions  of  the  Car- 
boniferous rocks  come  to  the  surface  from  beneath  the  New  Red  cover-  - 
ing,  while  along  the  south-east  side  of  the  valley  of  the  Lagan  we  find 
the  dark  slates  and  grits  of  the  Lower  Silurian  formation  rising  from 
beneath  it.  Just  on  the  south-east  side  of  Belfast  Lough,  how’ever, 
betw'een  Cultra  and  Holywood,  the  low'est  of  the  Carboniferous  rocks 
appear,  resting  uncouformably  on  the  Lower  Silurians,  but  dipping  at 
a high  angle  to  the  north-west  beneath  the  w'aters  of  the  Lougln 

On  the  opposite  shore  the  New  Red  and  superior  beds  lie  as  shewn 
in  the  section,  fig.  122,  in  a nearly  horizontal  position,  and  no  place 
is  knowTi  where  the  Secondary  beds  lie  for  any  distance  in  any 
other  position.  From  these  facts  it  is  clear  that  the  New  Red  Sand- 
stone of  the  north-east  of  Ireland  rests  as  a great  flat  cake  upon  the  old 
surface  of  the  Palaeozoic  rocks,  the  beds  of  which  lie  beneath  that 
surface  in  a similarly  contorted  and  greatly  denuded  condition  to 
that  in  which  they  are  foiuid  outside  the  New  Red  Sandstone.  The 
New'  Red  Sandstone  itself  w’as  formerly  more  extensive  than  it  is  now, 
covering,  in  horizontal  sheets,  much  of  the  country  outside  its  pre.sent 
boundary  ; and  did  that  old  extension  now'  exist,  and  if  pits  were  sunk 
through  it,  it  is  plain  that  they  could  come  dowm  on  to  Silurian  beds  at 
one  place,  on  to  Mica  Schist  or  Granite  at  another,  on  to  Old  Red 
Sandstone  or  Carboniferous  Limestone  in  other  places,  and  only  in  one 
or  two  small  localities  would  Coal-measures  be  met  w'ith. 

Wliat  w'ould  have  been  true  of  the  extension  of  the  New  Red 
Sandstone,  had  it  been  left  imdenuded,  is  true  now'  of  the  part  that 
remains.  The  section  in  fig.  122  shews  in  its  lower  part  the  un- 
dulating beds  and  the  old  surface  of  denudation  of  the  Palaeozoic 
rocks  beneath  the  horizontal  beds  of  the  New  Red  Sandstone.  If  a 
shaft  were  anyw’here  sunk  through  these  horizontal  beds  down  to  tliat 
old  surface,  it  is  impossible  to  say,  with  any  hope  of  correctness,  what 
Palasozoic  rock  would  be  the  one  met  with  beneath  that  surface,  in 
that  locality'.  It  might  happen  to  be  a little  basin  of  Coal-measures, 
and  if  so,  there  is  a possibility  of  these  Coal-measures  containing  beds 
of  coal,  but  there  is  also  a possibility  of  tlieir  being  Coal-measures 
without  coal.  There  w'ould,  however,  be  at  least  an  eqiial  chance  that 
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the  rock  found  below  the  old  Palceozoic  Buiface  should  be  any  one  of  the 
other  Paheozoic  rocks  above  enumerated,  namely — 1,  The  Carboniferous 
limestone  ; 2,  the  Lower  Limestone  shale  ; 3,  the  Old  lied  Sandstone  ; 
4,  the  Lower  Silurian  rocks  imaltcred  ; or,  6,  the  Mica  Schist  of  Lon- 
donderry, which  is  probably  a metamorjihosed  Lower  Silurian  rock. 
The  chances,  then,  would  be  at  least  six  to  one » against  the  probability 
of  Coal-measures  with  coal  being  found  beneath  the  part  in  which  the 
shaft  was  sunk. 

Tlie  great  practical  importance  of  studjdng  the  unconformability  of 
the  New  Red  Sandstone  on  the  Palaeozoic  rocks  below  it,  and  the  vast 
denudation  which  these  rocks  suffered  before  the  New  Red  Sandstone 
was  deposited,  cannot  be  too  strongly  impressed  on  the  mind  of  the 
student.  It  is  one  of  the  chief  j)oints  in  the  practical  applications  of 
Greology  in  the  British  Islands,  both  for  the  purpose  of  guarding  against 
a wasteful  expenditure  of  money  in  rash  enterprises,  and  for  directing 
it  where  enteri)rise  may  have  a chance  of  being  successfuL 


Life  of  the  Period. 

It  \Ndll  be  obvious  from  what  has  been  said  of  the  broken  and 
imperfect  character  of  the  rock  groui>8  that  are  known  to  have  been 
formed  in  this  period,  that  our  knowledge  of  its  forms  of  life  must  be 
very  imperfect.  Tliis  knowledge,  however,  is  still  more  imperfect,  in 
consequence  of  the  nature  of  these  rocks,  which  are  chiefly  red  sand- 
stones and  marls,  the  red  colour  being  due  to  the  presence  of  i>eroxide 
of  iron,  which  seems  to  liave  been  always  ill-adapted  to  the  preservation 
of  organic  remains. 

We  may  mention  the  following  genera,  as  among  those  which 
apparently  made  their  first  aj)pearance  during  the  period,  those  marked 
witli  an  asterisk  being  confined  to  it. 

Plants^  iEthophyllum,  Albertia,  Anomopteris,  Dictyophyllum,  Ptero- 
phyllum. 

Brachiopoday  *Koninckia,  Thecidium. 

Conchifenij  Gerv’illia,  *Isoarca,  Myoconchus,  *Myophoria,  Opis,  Ostnea, 
Plicatula,  Trigonia. 

Qaiteropoda,  Naticella,  Nerina3a,  *Platy stoma,  *Scoliostoma. 
Cephalopod<Xy  Ammonites,  Belemnites,  *Ceratites. 

Echinodermatay  *Encrinus,  Ophiura. 

Fishy  Acrodus,  *Ceratodus,  *Dipteronotus,  Hybodus,  *Saurichthys. 

1 This,  of  conrsc,  would  not  hold  good  for  the  New  Red  ground  close  to  and  in  the 
strike  of  the  little  Coal  Island  Coalfield,  while  the  odds  against  coal  would  be  still  higher 
towards  Portadown,  on  the  one  side,  or  Moncymore  on  the  other. 
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lleptiles,  *Cla<lyodon,  *Dicyiio<.loii,  # ^LalnTinthodon,  *N(jthosaurus, 
*Rhynchosaurus. 

Birds,  Tracks  of,  in  America. 

Mammals,  *Microlestes. 

Even  of  those  above  mentioned,  many  only  api>ear  in  the  HallsUult 
and  St.  Cas.sian  beds,  a.s,  for  instance,  Thecideiun,  Cfetras^a,  Plicatula,  Tri- 
gonia,  Anunonites,  and  Belenmites,  whicli  in  our  o^\■u  region  do  not 
occur  in  rocks  of  an  earlier  date  than  those  of  the  Oolitic  ]>erio<]. 

The  Cephalopodous  genus,  Ceratites,  wliich  is  abundant  in  tlie  Mus- 
chelkalk,  forms  a remarkable  link  between  the  palaeozoic  Goniatites 
and  tlie  me.sozoic  Ammonites.  The  echino<leiin  Encrinus  or  U'ljical  sea 
lilly,  is  also  a Musclielkalk  genus. 

Of  the  Fi.sh,  all  except  Dipteronotus  have  l>een  foimd  only  in 
the  Bone  l;>ed,  as  to  which  there  is  still . some  dispute  whether  it  l>e 
really  Triassic  or  Liassic. 

Of  the  Reptiles,  the  Clatlyodon  and  Rhyncho-saurus,  from  the 
Keu]>er  marls  and  sjimlstones  of  Wanvick  and  Shropshires,  are  allietl 
to  Palajosaunis,  and  sheAv  some  analogj'  to  the  Dicjuiodon  whicli 
comes  from  the  Cape  of  Good  Ho])e  colony,  whence  it  was  brought  by 
Mr.  Bain.  Dicjiio<lon  had  two  great  canine  tusks  (whence  its  name), 
and  was  a fre.sh-water  re])tile  intermediate  l)etvveeu  the  crocfxiile,  the 
tortoise,  tmd  the  Uzartl.  The  Labyrinth odouts,  of  which  many  sync»- 
nyius  have  been  proposed  in  Germany  (.such  as  Oapitosaurus,  Masto- 
donsjuirus  aTid  Trematosjiurus),  were  re]>tiles  “ having  the  es.simtial  Ixmy 
characters  of  the  modem  Bairachia,  but  combining  those  \\itli  other 
bony  characters  of  cix)C(Mliles,  lizards,  and  ganoid  fishes,  and  exhibiting 
all  under  a bulk  which,  as  made  manifest  by  the  fossils  and  footprints, 
rivalled  that  of  the  largest  crocodiles  of  the  present  day.” — {Oicen's 
Pal(Kontolo(jy).  Nothosaums,  with  other  allied  genera,  viz.,  Conchio- 
saurus,  Placodu.s,  Pistosaurus,  Simosaurus,  Sphenosaurus,  Taiiystixipheus, 
all  come  from  the  Muschelkalk  and  as.sociated  beds  on  the  Continent 
They  are  placetl  by  ()^\'en  in  the  same  ortler  with  the  Plesiosauni.'i, 
which  came  into  existence  during  the  next  jicriod. 

Birds  ajipear  to  have  existed  now,  though  the  only  evidence  for  it 
is  found  in  certain  great  tracks  in  the  sandstones  of  the  Connecticut 
river  in  North  America.  Some  of  these  footprints,  wiiich  are  uii- 
doubtedly  tho.se  of  birds,  are  20  inches  long,  and  4^  feet  apart.  Tliey 
occur  by  thousands  ov’er  a .‘^paw;  80  miles  across,  and  through  a thick- 
ness of  rock  of  more  than  1000  feet  {LydVs  Manual).  These  sand.stones 
are  now  Ixiioved  to  Iwi  of  the  same  jieriod  as  the  Keuper  of  Gemiany. 

From  this  .‘^ame  Keuper,  both  near  Stutgiuxlt  imd  near  Froine  in 
Somei'set,  small  mammalian  teeth  have  been  jirocured  ; Mi’.  C.  Moon- 
being  the  disco vx-rer  of  the  latter.  Tliey  ai’e  .said  by  Owen  to  hav'e  been 
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most  probably  the  teeth  of  a small  marsupial  iiisectivon)Us  animal 
something  like  the  living  Mymiecobius  of  Australia. 

After  the  close  of  the  Triassic  period,  the  following  genera  dating 
from  earlier  times  become  quite  extinct.* 

Brac/iiopo*.Ui^  CjTtia,  S ; Strophulosia,  C. 

Conchiferuy  Megalodon,  D ; Pleurophorus,  C. 

Gasteropoddy  Euomphalus,  S ; Holo])ella,  S ; Loxonema,  S ; Murclii- 
sonia,  S. 

Pterojyoddy  Bellerophon  ( Purcell  ia),  S. 

Ce2)h<dopoday  Cyrtoceras,  S ; Goniatites,  C ; Orthoceras,  S. 

Reptilesy — The  Labyrintho<lont  order,  P (supposing  this  to  have  been  in 
existence  in  the  Permian  j)eriod). 

Most  of  the  genera  just  mentioned,  indeed,  would,  if  they  hatl  not 
been  found  in  the  St.  Cassian  beds,  have  been  taken  UvS  extinct  at  the 
close  of  the  Palceozoic  epoch,  as  will  be  seen  by  reference  to  the  first 
column  of  the  table  on  p.  552. 

* The  capital  leters  after  these  genera  denote  the  iieriods  from  which  they  date, — S 
standing  for  Silurian,  D for  Devonian,  C for  Carboniferous,  and  P for  Pennian. 
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OOLITIC  OR  JURASSIC  PERIOD. 

The  rock.s  deposited  during  this  period  over  the  area  now  occupied  by 
the  British  islands  were  called  Oolitic,  because  in  the  part  where  they 
were  first  examined  and  described  by  Dr.  W.  Smith,  they  contained 
many  beds  of  oolitic  limestone.  On  the  Continent  they  are  called 
Jurassic,  because  theycom|X)8e  that  chain  of  mountainous  hUls  sweeping 
round  the  north-west  frontier  of  Switzerland,  which  is  knovii  by  the 
name  of  the  Jura.  As  in  other  ca.ses,  we  use  the  designations  applied  to 
those  two  groups  of  rock  as  the  name  also  of  the  peHod  during  which 
they  were  deposited. 


Typical  Groups  op  Rock. 

South  of  England. — It  has  been  shewn  in  section  fig.  117  that  the 
upper  ])eds  of  the  New  Red  Sandstone  pass  underneath  some  other  beds 
which  were  called  Lias.  Tlie  red  marls  of  Cheshire  and  those  in  the 
centre  of  Staffordshii’e  are  capped  by  isolated  patches  of  these  beds. 
Those  of  county  Antrim  are  similarly  covered. 

If  we  followed  the  slightly  sinuous  line  mentioned  in  the  last  chap- 
ter as  running  from  the  mouth  of  the  Tees  to  that  of  the  Exe,  we  should 
find  wherever  the  rocks  were  exposed  that  the  red  marls  of  the  New 
Red  Sandstone  dipped  gently  to  the  east  or  south-east,  and  were  in  that 
direction  covered  by  beds  of  dark  clay  or  shale  forming  the  base  of  the 
Lias. 

Fig.  1 1 8 is  a diagrammatic  representation  of  a section  through  the 
Oolitic  series  as  it  occurs  in  Gloucestershire,  in  the  neighbourhood  of 
Cheltenham  and  the  Cotteswold  Hills.  It  is  ba.sed  on  sheet  59  of  the 
Hor.  Sec.  of  the  G.  S.,  drawm  by  Mr.  Hull,  and  sheet  14  drawn  by 
Professor  Rtimsay  and  Mr.  Bristow. 

The  thicknesses  of  these  different  groups  are  the  maximum  thick- 
ne.s8es  attained  in  different  parts  of  the  section  (No.  59)  above  mentioned  ; 
some  variations  taking  place  within  the  limits  of  that  section  itself, 
which  is  more  than  thirty  miles  long,  and  still  greater  changes  occuiring 
in  other  districts. 
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Fig.  1 19  is  a diagrammatic  section  based  on  sheets  20  and  56  of  the 
Horizontal  Section  of  the  Geological  Survey,  both  dra^m  by  Mr.  Bristow, 
across  parts  of  Dov.setshire,  through  the  headlands  of  Portland  imd 
Purbeck. 

It  shews  the  continuation  of  the  series  from  the  Oxford  clay  and 
Coral  rag,  given  in  fig.  118,  through  the  upper  part  of  the  Oolites  into 
the  Wealden  beds,  which  are  the  lower  part  of  the  Cretaceous  series 
above. 

wEir  ****■ 


k. 

Coral  rag  - - . . 

Feet. 

50 

e.  Inferior  Oolite  . - - 

Feet 

236 

Oxford  clay  - - - - 

500 

d.  Upper  Lias  sand  and  shale  - 

300 

i. 

Cumbrash  . - . - 

50 

c.  Morlstone  .... 

200 

h. 

Forest  Marble 

40 

h.  Lower  Lias  shale  - 

600 

9- 

Great  Oolite  - - - - 

200 

a.  Red  marls  (Top  of  New  Red). 

/ 

Fuller’s  Earth 

50 

By  the  examination  of  these,  and  many  other  similar  sections  in  the 
above-named  counties  and  their  neighbourhood,  we  are  enabled  to  con- 
struct the  following  table  of  the  succession  of  rock  groups  in  this  dis- 
trict. By  studjing  the  relations  of  these  rock  groups  to  each  other,  and  a 


Pig.  119. 

Diagraronxatic  Section  of  the  Dorsetshire  Oolites. 
Feet. 

/.  Wealden  sands  and  clays  1400  c.  Kitnmcridge  clay 

«.  Purbeck  beds  . . 196  h.  Coral  rag  . 

d.  Portland  stone  and  sands  250  a.  Oxford  clay 


Feet. 

650 

300 

000 


comparison  of  the  organic  remains  contained  in  them,  we  are  also 
enabled  to  throw  some  of  them  together  into  larger  groups  which  have 
a wider  range,  while,  on  the  other  hand,  by  examination  of  each  group 
in  any  particular  locality,  we  may  subdivide  it  into  smaller  sets  of 
beds  that  are  only  to  be  recognised  in  that  particular  locality.  The 
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thicknesses  assigned  may  be  taken  as  the  means  of  the  maxima  in  dif- 
ferent ])laces : — 


12.  Purbeck  beds  . 

1 1 . Portland  beds  . 
10.  Kimmcridge  clay 
9.  Coral  rag  . . 

8.  O.xford  clay  . . 

7.  Cornbrash  . . 

0.  Great  Oolite 

5.  Fuller’s  earth  . 
4.  Inferior  Oolite  . 
3.  Uj)jx*r  Lias  . . 

2.  Marlstone  . 

1.  Lower  Lias  . . 


Feot. 

Fett. 

150  1 
170 

1 D.  Portland  or  Upper  Oolites 

. 900 

600  ; 

1 

180  ] 
600  J 

1 C.  Oxford  or  Middle  Ooolites 

. 800 

80'^ 

1 

130  1 

> B.  Bath  or  Lower  Oolites 

. 600 

130  j 
230  J 
300  ' 
200 

> J.  The  Lias 

. 900 

600  ^ 

1 

Total  . 

. 3200 

It  would  not  be  an  unnatural  classifiaition  of  the  rock  groups  if  we 
w'ere  to  bike  the  Lias^  the  Oxford  Clay^  and  the  Kimmeridye  Clay,  lis 
the  three  great  clay  deposits  of  the  seiie.s,  each  caj>ped  by  a variable  and 
minor  group  of  sands  and  limestones,  the  Lias  fonning  the  base  of  the 
Path  Oolites,  the  Oxford  clay  the  base  of  the  Coral  rag,  and  the  Kim- 
meridge  clay  the  base  of  the  Portland  Oolites. 

Tlie  Purbeck  beds  W'ere  at  one  time  grouped  with  the  Wealden  Ijeds 
above  them,  an  arrangement  that  is  not  M*itbout  goo<l  argimients  in  its 
favour. 

A.  The  Lias. — Essentially  a great  clay  deix)sit,  wdth'  occasional 
bands  of  a peculiar  compact  argillaceous  limestone  near  the  bottom,  and 
a calcareo-argillaceous  sandstone  near  the  middle,  with  a loose  sandy 
(leposit  at  toj)  connecting  it  with  the  group  alwve. 

A 1 . Lower  Lias.  At  the  top  of  the  red  marls  of  the  Triassic  grouj) 
is  a little  layer  of  hard  sandstone  full  of  fnigments  of  lx)nes  and  teeth 
of  reptiles  and  fish.  In  some  places  bone.s  of  Keuper  reptiles  have  been 
seen  in  it,  and  the  layer  therefore  n*ferred  to  the  Trias  ; in  other  places 
it  is  full  of  undoubted  Lias  fossils.  It  is  probable  that  there  is  in  reiility 
more  than  one  bone  bed,  the  diminutive  representative  of  those  great 
[Ktssage  beds  between  the  Trias  and  the  Lias,  which  are  found  at  Dach- 
stein  and  Kocssen  to  have  a thickness  of  upwards  of  2000  feet. 

In  some  places  the  black  shales  of  the  Lower  Lias  rest  on  the  reil 
mai-ls  without  any  bone  bed  and  without  any  limestone,  while  in  othei-s 
a group  of  limestones  interstratified  wdth  clays,  having  a thickness  of  2o 
t<^»  50  feet,  is  seen.  Over  these  limestones  occur  the  onlinar}’-  blue  clays 
of  which  the  Lower  Lias  is  generally  composed. 
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A 2.  Tlie  Marlstone  is  a well-marked  division  of  tlie  Lias,  being 
11101*0  arenaceous  than  the  rest  of  tlie  fonnation,  and  often  bound  bv 
calcareoiLS  or  ferruginous  cement  into  a hard  stone.  In  Gloucestershire 
it  is  diWsible  into  the  hard  “rock  bed”  above,  and  the  sands,  often 
rather  argillactHuis,  below. 

It  fre({uently  contains  bauds  of  ironstone,  which  have  of  late  years 
V»een  largely  (quarried  both  in  the  north  and  south  of  hingland. 

A 3.  Upper  Lias.  Tliis  consists  of  a great  thickness  of  blue  clay, 
over  which  are  some  bro\m  and  yellow  sands,  hitherto  cla.'^sed  with  the 
Inferior  Oolite,  but  separated  fn»m  it  on  goinl  Palrcontological  e\idence 
l>y  Dr.  Wright  of  Cheltenham,*  and  called  by  him  Upper  Lias  sands, 
capped  by  a i»articular  band  called  the  “ Cephalojioda  bed,”  from  the 
abundance  of  those  fossils  which  it  containe<l. 

Tlie  L^piier  Lias  clay,  which  is  in  some  places  300  feet  thick,  thins 
out  towards  the  south,  so  that  at  Uleybur}-  it  i.*?  only  70  feet  thick,  and 
at  Lansdo^\'n,  near  Bath,  it  disappears  altogether  {IShtet  14,  Horizontal 
ISrction  of  the  Geological  Surceg^  Messrs.  Ii<nnsag  and  Bristoic). 

Characteristic  Fossils  of  the  Lias. — Each  of  the  subdivisions  of  the 
Lias  just  described  ha.s  a jKjculiar  assemblage  of  fossils  characteristic  of 
it  in  the  district  where  its  sejmration  from  the  rest  is  obvious.  Even 
the  Upi>er  Lias  sand  may  be  distinguished  paleontologically  from  the 
Upper  Lias  clay  in  the  Gloucestershire  district,  and  has  been  so  separated 
by  Dr.  Wright  and  Mr.  Lycett.  '^Tliesc  subdivisions  have  more  than  a 
local  interest,  imu^much  as  they  point  distinctly  to  changes  in  the  forms 
of  life,  and  therefore  to  vast  lapse  of  time  during  the  de^xisition  of  the 
lieds.  The  limits  of  this  work,  however,  do  not  aibiiit  of  the  details 
nectwsary  to  give  a complete  account  of  the.se  subdivisions,  for  which  1 
must  refer  the  student  to  Dr.  Wright’.s  jiapers  in  the  Quarterhj  Joui'nal 
of  the  Geological  Societg. 

Tliis  great  abundance  of  fossils  in  the  Lias,  however,  makes  it  diffi- 
cult to  select  any  short  list  of  species  that  may  be  considered  more 
cliaracteristic  of  the  formation  than  many  others  that  .might  be  men- 
tioned. The  following,  however,  would  probably  be  included  in  any 
list  : — 


Plants. 

Equisetites  Brinliei 
Otopteris  obtu.sa 

Pahiwaimia  Bechei  and  Bucklandi 


Q.  J.  G.  S.  yi.y  p.  414. 
Fos.s.  gr.  24,  a. 

Geol.  Tr.  i.,  t.  7. 


Forammifera. 

Polymorphina  liassicu  . . Q.  J.  G.  S.  ii.,  p.  30. 

Spirilina  infima  . . . Ibid. 

• Wright  on  “ Upper  Lias  Sands.” — Journal  of  Geological  Society,  vol.  xii. 
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Actinozoa. 


Trochocyathus  Moorei . . Pal.  Soc.  Foss.  Cor.* 

Brachiomda. 


Leptfena  Moorei  . 
Rliynchoiiella  rimosa  . 

tetrahetlra  . 

Spirifera  Walcottii 
Terebratula  numismalis 


Lyell’s  Man.,  fig.  404. 
Foss.  gr.  24,/. 

Tab.  View. 

Fos.s.  gr.  24,  d. 

Foss.  gr.  24,  e. 


Fo5wU  Group  No.  24. 

Liaa  FossUb. 

a.  Otopteris  obtusa.  d.  Spirifera  Walcottii. 

h.  Extracrinus  Briareus.  e.  Terebratula  uumismalis. 

c.  Ophiodenna  Egertoni.  /.  Rh}Tichonella  rimosa. 


Avicula  cygnipes 

Conckifera. 

• • • 

Tab.  View. 

decussata 

• • • 

Foss.  gr.  25,  a. 

Cardinia  Listeri 

• • • 

Tab.  View. 

Gryphaea  incun-a 

• • • 

Foss.  gr.  25,  b. 

* Pala'ODtographical  Society, 

Fossil  Corals. 
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Hippopodiiim  ponderosiim  Foss.  gr.  25,  c. 

Lima  (Plagiostoma)  gigantea  Tab.  V.  and  Lyell’s  Man.,  fig.  400. 
Modiola  scalprum  . . Phillips’s  Man.,  fig.  205. 


Gasteropoda. 

Pholadomya  ambigua  . Sow.  M.  C.,  t.  227. 

Pleurotomaria  Anglica  . Foss.  gr.  25,  t/. 


Fossil  Group,  No.  25. 

Lias  Fossils. 

a.  Avleuln  decussnta.  »i.  Pleurotomaria  Anglica. 

b.  Gr}7>haea  incurva  e.  Beleinnites  elongatus. 

c.  liippopodium  i>on<lerosuni.  /.  Ammonites  communis. 


Cej)kalopoda. 

Anmionites  bifrons 

communis 

heteitjphyllus 

obtusus 

plaiiicostatus 

serpentinus  . 

Belemnites  elongatus 

tiibularis 

Nautilus  truncatus 


Tab.  View. 
Foss.  gr.  25,/. 
Tab.  View. 
Tab.  View. 
Tab.  View. 
Tab.  View. 
Fosa  gr.  25,  e. 
Tab.  View. 
Tab.  View. 
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Echinodermata. 


Diadenia  serialis 
Extracriims  Briareiis 
0|>Liodeniia  Egertoni 
Uraster  GaveNT 


Acmlus  nobilis 
iEchmodiis  Leacliii  . 
Dapedius  jxditus 
Hyl>odus  reticulatus 


Pliillips’s  Man.,  fig.  194. 
Fos.s.  gr.  24,  h. 

Foss.  gr.  24,  c. 
ftL  G.  S.,  Dec.  3. 

Fish. 

Lyell’s  Man.,  fig.  412. 
Lyell’s  Man.,  fig.  411. 
Tab.  View. 

Lyell’s  Man.,  fig.  413. 


Reptiles. 


Iclithyosiuinis  commiuiis  . 
Plesio.saiinis  dolichodeirus 
Pterodactylus*  macronyx  . 
Teleosaurus  CliapmannL 


Tab.  V.  and  Lvell’s  Man.,  etc. 

Ib.  ''  Ih. 

Ge<jl.  Trans.,  vol.  iii. 


R.  The  Bath  or  Lower  Oolites. 

4.  The  Inferior  Oolite  comprises  those  beds  which  come  next  al)ove 
the  Cephalopoda  bed  of  the  UpjMjr  Lias  sands,  luid  thus  form  the 
lowest  group  of  the  Lower  Oolites.  According  to  the  data  given  in 
sheet  59  of  the  Horizonbil  Sections  of  the  Geological  Surv’ey,  it  is  in 
the  hills  to  the  north-east  of  Cheltenham,  to  be  subdiride<l  into — 


e. 

Tlie  Ragstone 

Feet. 

40 

(1. 

Upi>er  Freeshfiie  , 

34 

c. 

Oolite  Marl 

7 

b. 

Lower  Freestone  . 

147 

a. 

Tlie  Pea  Grit 

38 

The  Pea  Grit  is  a pisolitic  limestone,  consLsting  of  a number  of  flat 
concretions  like  large  flattened  peas. 

The  Freestones  are  fine-grained,  pale,  oolitic,  or  shelly  limestones, 
conttiining  near  the  top  a seven  foot  bed  of  brown  marl,  c,  with  an  iin- 
j)erfect  oolitic  stnicture. 

Tlie  Ragstone  is  a brown  sandy  limestone,  sometimes  hard  and  firm, 
at  others  incoherent. 

In  this  neighbourhoocl  even  these  sulnlivisions  have  their  character- 
istic fossils. 

As  we  rece<le  from  this  neighlx)urhood,  however,  these  sulxlirisions 

* MoRt  mnnuals  give  figures  of  Ichthyosauri,  Plesiosauri,  Pterodactyli,  etc. ; ace 
especially  Uuckland’a  "Bridgewater  Treatise,"  etc.,  and  Mr.  Waterhouse  Hawkins's 
Diagrams. 
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naturally  die  out  and  disappear  ; other  be<ls  of  coarse  limestone,  some- 
times oolitic,  and  sometimes  sandy,  taking  their  place. 

In  Oxfordshire,  indee<l,  according  to  Professor  PhUlii>s,  the  whole? 
group  of  the  Inferior  Oolite  <lis«ippears,  neither  the  beds  nor  the  pecu- 
liar fossils  being  discoverable.— V Statement  at  British  Association  ^ 
Oxford j I860.) 


Fus»il  Group  No.  'JtJ. 
luferior  Oolite  Fossils. 

n.  Anniiacia  lieini.spliurica.  </.  Plioladoniya  fldioula. 

h.  Rhynuhonella  spinosn.  r.  Pleurotomarin  omuta. 

c.  Ostiva  Marshii.  /.  Amiiionites  liunipbn.'.Hianiis. 


Characteristic  Fossils  of  the  Inferior  Oolite. 


Anabacia  liemispherica 

Actiiwzoa. 

• ■ • 

Foss.  gr.  26,  <i. 

Montlivaltia  tr(K*.hoides 

< • » 

Pal.  Soc,  Foss.  Cor. 

Rhynchonella  spinosa  . 

Brachiopoda. 

Foss.  gr.  26,  o. 

Terebratula  carinata  . 

Pal.  Soc.  Dav.  Bruch. 

fimbria 

Tab.  View. 

perovalifi  . 

• • • 

Tab.  View. 

* Palicontographlcal  Society,  Da^nd9on'8  Brachjoixxla. 
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CoivcJiifera. 

Astarte  elegaiis  .... 
Gresplva  abducta  .... 
Lima  iiectiniformis  (proboscidea)  . 
Ostraca  Marsliii  .... 
Pecten  deiitatiis  .... 
Pholadomya  fidicula 

Gaster(ypoda. 

Chemnitzia  lineata 
Pleurotomaria  elongata  . 

— ornata 

pallium  . 


Tab.  View. 

Phill.  G.  Y.  i.,  t 11. 
Tab.  View. 

Foss.  gr.'26,  c. 

Sow.  M.  C.  574. 
Foss.  gr.  26,  d. 

Sow.  M.  C.  218. 

Ihkl,  193. 
Foss.  gr.  26,  e. 

Sow.  M.  C.  221. 


Cephalopoda. 


Ammonites  Brocchii 

Brodiaei 

Brongniartii 

Humphre.^iaims 

MurcliisonEB 

Piirkinsoni  . 

«&e.  &c. 

Belemuites  ellipticus 
Nautilus  sinuatus  . 


Sow.  M.  C.  202. 

lhid.y  351. 
Phillips’s  Man.,  fig.  238. 
Foss.  gr.  26,/. 

Sow.  M.  C.  550. 

Tab.  View. 

Geol.  Trans,  ii.,  t.  8. 
Sow.  M.  C.  194. 


Echiiiodermata. 

Dysaster  ringeus  ....  Tab.  View. 

Echinus  perlatus  . . . Tab.  View. 

Nucleolites  Agassizii  . . . Ann.  Nat.  Hist..  1852. 

Fish. 

Pholidophonis  Flesheri 
Strophodus  .subreticulatus 


5.  The  Fuller's  Earth. — Above  the  Inferior  Oolite  comes,  in  the 
Gloucestemliiie  district,  a series  of  blue  and  yellow  shales,  clays,  and 
marls,  some  of  which  are  of  the  peculiar  kind  of  clay  called  f’uller’s 
earth,  the  name  assigned  to  the  gi’oup.  Intei-stratified  with  these  are 
occasional  bands  of  limestone. 

The  maximum  thickness  is  about  1 50  feet,  rather  rapidly  diminish- 
ing in  all  directions. 

Characteristic  Fossils. — None,  unless  the  little  oyster  called  Ostroea 
acuminata  {Tabular  Vieio  and  LyelVs  Manual^  fig.  386)  ; the  other  fossils 
♦ ontaiued  in  it  are  a mixture  of  Inferior  Oolite  and  Great  Oolite  species. 
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6.  Ortat  Oolite. — ^Tliis,  like  the  other  oolitic  groups,  except  the 
clays,  has  a very  variable  lithological  character.  Mr.  Lycett  says  that 
near  Minchiiihampton  it  is  made  up  of  Weatherstones,  Sandstones,  and 
Limestones ; the  Wwitherstones  (shelly  calcareous  sandstones)  being  always 
at  the  base  of  the  group,  but  passing  laterally  into  Sandstones,  which 
are  commonly  covered  by  Limestones,  while  tlie  Weatherstones  have 
never  any  of  the  Limestones  above  them. — {Journal  Geological  Society y 
vol.  iv.  ; and  Palmntohgical  Society y 1850). 

Mr.  Hull  divides  the  Great  Oolite  near  Cheltenham  into  two  zones. 

a.  The  Under  zone,  a variable  series  of  sandy  flags,  “ slates,”  and  blue 
limestones,  with  white  oolitic  free-stones,  showing  much  oblique  lami- 
nation. The  flaggy  limestones,  and  sometimes  the  thick  bedded  ones, 
split  in  some' places  into  very  thin  slabs,  which  are  called,  though  erro- 
neously, “ slates.”  The  Stonesfield  slate,  so  celebrated  for  its  terres- 
trial reptde.s  and  mammalian  remains,  belongs  to  these  beds,  and  might 
therefore  give  its  name  to  the  zone.  The  Collyweston  slate  of  North- 
ampton, also  belongs  to  this  zone.  Its  average  thickness  is  50  feet 

b.  The  upper  zone  is  well  marked  in  Gloucestershire,  by  the  occurrence 
of  a bed  of  marl  at  its  base,  and  a band  of  hard  wliite  rimestone  at  its 
summit,  the  intermediate  beds  being  oolitic  limestones,  sandstone  or 
sandy  limestone,  greiitly  marked  by  oblique  lamination.  Its  thickness 
is  150  feet — {Memoirs  of  the  Geological  Survcyy  1857). 


Characteristic  Fossils  of  the  Great  Oolite. 


Plants. 

Equisetum  columnare 

Pteroi)hyllum  comptum 
Tajniopteris  latifolia  . 

Auttata  .... 

Thuytes  expansus 

Actinozoa. 

Isastraja  Conybeari 


Phillips’s  Man.,  fig.  218,  and 
Mantell’s  Meds.  fig.  13. 
Fo.ss.  gr.  27,  a. 

Mantell’s  Meds.,  fig.  26. 
Phillips’s  Man.,  fig.  217. 
PhiU.  G.  Y.  L,  t.  10. 


PaL  Soc,  Foss.  Cor. 


Brachiopoda.* 

Rhynchonella  concinna 
Terebratula  coarctata 

digona  .... 

maxillata 


Foss.  gr.  27,  c. 
Tab.  View. 
Foss.  gr.  27,  d. 
Tab.  View. 


* Messrs.  Lycett  and  Morris  have  published  the  Mollusca  of  the  Orest  Oolite  in  the 
volumes  of  the  PaUeontographical  Society,  referred  to  in  the  succeeding  pages. 
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Conchifera. 

Area  HirHoiiensis 
Gervillia  lanceolatii  . 

Lima  cumliiformis 
PachjTisina  grande 
Plioladomya  acuticosta 
Ptcroj>ema  costatula  . 

Trigonia  Goldfussii 
iin])re.ssa 


Phill.  G.  Y.,  t.  11,  fig.  43. 
Tab.  View. 

Foss.  gr.  27,  t!. 

Pal.  Soc.  Ool.  Biv. 

Tab.  View. 

Pal.  Soc.  0<d.  Biv. 

Foss.  gr.  27,  f. 

Tab.  View. 


Fostiil  Gmup  No.  27. 

Groat  Oolite  Foasils. 

o.  Pteroi)hyllum  coinptuin.  c.  Lima  c.nnliifonai.s. 

I*.  Ileiuioiilans  minor.  /.  Trig«>nia  Goliirussii. 

c.  Rhyiiohonella  coiicinna.  f/.  Purjmroidea  Morriaaii. 

d.  Terebratiila  digoiia.  A.  Nerinioa  Voltrii. 


Alaria  atractoides 
Cylind  rites  acutus 
NerinajJi  Voltzii 


Gasteropoda. 

Pal.  Soc.  OoL  Foss. 
Lyell’s  Man.,  fig.  369. 
Foss.  gr.  27,  h. 


t 
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Patella  rugosa 
Piirjiuroidea  Morrissii 
Trochotoma  aimuloides 
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C^’phalopoda. 

Anmionitcs  gracilis  . 

Beleiimites  fusiformis 

Waterhoiisei. 

Nautilus  Baberi 


Lyell’s  Man.,  fig.  37l>. 
Foss.  gr.  27,  y. 

PaL  Soc.  Ool.  Foss. 


Pal.  Soc.  Ool.  Mol. 
Tab.  View. 

Pal.  Soc.  Ool.  Mol. 


Eckinodermatn . 

Heniicidaris  minor 
Pseudodiatlema  jHiiitiigonum 

Fish. 


Foss.  gr.  27,  b. 

Pal.  Soc.  Brit.  Ech.* 


Asteracantlius  semisulcatus 
Pliolidoi)horu.s  minor 
StroplnxliLs  magnu.s  . 

lifptUes. 

Megalosaurus  Bucklandi  . 


) 

I 


Agas.><iz’s  Fos.sil  Fish. 


ManteH’s  Me«l.s.,ch..\vii 


ManunaUa. 

AmpLitlierium  Prevo.stii 
Pbitscolotherium  Bucklandi 
Stereoguatliiis  Ooliticu.s 


Ly ell’s  Man.,  fig.  375. 
Ibid.,  fig.  382. 

Q.  J.  Ct.  S.,  vol.  xiii. 


7.  Tk^  Coml/rash  and  Forest  Marble  Group. — Tlii.s  Is  a very  vari- 
ously composcil  set  of  clays,  sands,  and  limestones,  containing  local 
subdivisions  such  as  the  Bradford  Clay,  the  Fore.st  Marble,  and  the 
Conibrash  itself. 

Tlie  Bradford  Clay  is  a blue  unctuous  clay  occurring  at  Bradford, 
and  extending  for  a few  miles  around  it ; it  is  never  more  thmi  forty  or 
fifty  feet  in'thickness  ; locally  full  of  Apiocrinites  Parkinson!  (rotundus). 
Fo.ss.  gi‘.  28,  b. 

The  Forest  Marble  (so  named  from  Wychwood  Forest)  is  composed 
of  coarse  fissile  oolite,  \vith  much  oblique  lamination,  hard  shelly  lime- 
stones, blue  marls  and  shales,  yellow  siliceous  sand,  with  large 
.spheroidal  blocks  of  limestone,  and  fine  oolitic  freestone.  It  is  rarely 
more  than  forty,  never  more  than  eighty  feet  thick. 

Tlie  Combnish  is  generally  a rubbly  cream-coloured  limestone  in 
thin  beds,  always  nodular  and  concretionarj',  each  fragment  ha\ing  a 
deep  red  coating.  Not  more  than  fifteen  feet  thick. 

• Uritish  Fo»»il  Echiuodormata  by  Dr.  T.  Wright. 
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Characteriitic  Fossih  of  the  Cornbrash  and  Forest  Marble  Group. 


Brachiopoda. 

Terebratula  intermedia 
obovata 


Foss.  gr.  28,  c. 
Tab.  View. 


Fossil  Group  No.  28. 
Cornbrash  and  Forest  Marble  Fossils. 


n.  Acrosalenia  bcraicidaroidcs. 

b.  Apiocrinus  Parkinson!. 

c.  Terebratula  intermedia 
(i.  Oresslya  peregrina. 


«.  Myaoites  decurtata. 
/.  Pholadomya  lyrata. 
g.  Anunonitos  discos. 


Conchifera. 

Avicula  echinata 
Ceromya  concentrica 
Oresslya  peregrina 
Isocardia  minima  . 

Lima  rigidula 


Tab.  View. 

Sow.  M.  C.  491. 
Foss.  gr.  28,  d. 
Tab.  View. 

PbUL  G.  V.,  t 7. 
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Modiola  bipartita  .... 
Myacites  decurtata 

securiformis 

Pecten  fibrosus  .... 

vagans  .... 

Pholadomya  deltoidea 
lyrata 

Phiu.  a.  Y.,  t 4. 
Foss.  gr.  28,  e. 
Phill.  G.  Y.,  t.  7. 

Ibid.f  t.  6. 

Pal.  Soc.  Ool.  Mol. 
Sow.  M.  C.  197. 
Foss.  gr.  28,/. 

Qasterofoda. 

Chemnitzia  vittata  .... 

Phill.  Q.  Y.,  t.  7,  fig.  16. 

Cephalopoda. 

V 

Ammonites  discus  .... 

Foss.  gr.  28,  y. 

Echinodermata. 

Acrosalenia  hemicidaroides 
Apiocrinus  Parkinsoni  . 
Nucleolites  cluniculaiis  . 

Foss.  gr.  28,  a. 
Foss.  gr.  28,  b. 
Ti\b.  View. 

Annelida. 

Serpula  tetragona  .... 

Sow.  M.  C.  599. 

Fish. 

Asteracanthus  acutus 
Cardiodon  rugulosus. 

Ag.  foss.  fish. 

The  Bath  or  Lower  Oolites  of  Yorkshire. — Tlie  beds  which  lie 
between  the  Lias  and  the  Oxfortl  Clay  preserve  the  structure  above 
given,  with  more  or  less  constancy,  from  Somersetshire  into  Lincolnshire, 
forming  a continuous  ridge,  with  an  unbroken  escarjment,  till  w*e  reach 
the  estuary  of  the  Humber.  A little  north  of  that  river  the  whole 
Oolitic  series,  with  the  exception  of  the  Lias,  is  overlapped  and  concealed 
by  the  beds  of  the  Cretaceous  series,  from  underneath  which,  however, 
they  gradually  reappear  again  farther  north,  and  the  Lower  Oolites  rise 
from  beneath  the  Oxford  Clay  into  some  wild  hills  called  the  York- 
shire Moorlands,  which  end  in  precipitous  cliife  along  the  coast  about 
Whitby  and  Scarborough. 

In  this  district  the  changes,  often  apparent  as  we  trace  the  Low’er 
Oolites  from  Somerset  into  Lincolnshire,  are  found  to  have  been  still 
further  carried  out,  so  that,  instead  of  the  groups  just  described,  w'e  get 
the  following  section,  wiiich  is  condensed  from  Professor  Phillips’s  de- 
scriptions {Q.  J.  Qeol.  Soc.y  voL  xi.  p.  84) : — 
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F«t. 

5.  Shfclly  Combrash,  limestone  of  Gristhorp  aii<l  Scarborough  10 

4.  Sandstones,  shales,  ironstones,  and  coals  of  Gristhorp,  Scar- 
borough, and  Scalby,  enclosing  some  calcareous  shelly 
Ijands  .........  200 

3.  Shelly  oolite,  and  clays  of  Cloughton  and  West  Nab  . . 6<^ 

2.  Sandstones,  shales,  ironstone.s,  and  workable  coal  of  the  Peak, 

Stainton  Dale,  and  Haibum  Wyke  ....  500 

1.  Irony  sandstone  and  subcalcareous  be<L«,  with  ban<ls  of 

shells  and  plants  ....*..  60 


It  is  singular  that  the  little  insignificant-looking  Ijand  called  Corn- 
brash  continues  lithologically  and  pahjeontologically  the  same  as  in  the 
sfmth  of  England,  while  so  great  a change  takes  place  in  the  more  im- 
I>ortant  beds  below. 

Th^  Ch/ir<tct&ristic  FosJtiU  of  the  Lower  Oolites  of  Yorkshire  are 
principally  plants,  many  of  which  are  ferns.  The  follots-ing  genera 
may  be  mentioned,  some  of  which  have  tlilferent  s}>ecie.s  in  these  beds 
and  in  the  Carb<jniferou.s  formation,  while  those  marke<l  with  one 
asteri.«k  are  only  Mesozoic,  and  those  with  two  exclusively  Oolitic 
genera. 

Cyclopteris,  E«pusetite.s,  **  Otopteris,  **  Pach}T^)teris,  **  Palax)zamia, 
Pecopteris,  **  Plilelwpteris,  * Pterophyllum,  **  Sagenopteri.s  (Glo.SsSoi>> 
teris),  SphenopterLs,  **  Tieniopteris,  * Thuytes,  **Zamites.  — (.S^ 
ManteWs  Meda.y  chap,  vi.,  for  figures  of  some  of  thei^e.) 

Some  of  the  Equisetitcs  are  foimd  erect  ; and  w'e  have  here  an  im- 
I>erfect  coal  fonnation  of  the  Oilitic  period,  the  coal.s  of  which  only 
differ  from  those  of  the  Carboniferous  fonnation  in  cjuantit}*  and 
eojnomic  value. 


C.  The  Oxford  or  Middle  Oolites. 

This  division  comprises  the  Oxfonl  Clay  and  the  Coral  Rag  groups — 
8.  The  Oxford  Clay  is  so  calle«l  as  lying  beneath  the  j)lain  on 
which  Oxford  stands,  but  it  extends  across  England  from  Weymouth 
in  Dorset  to  FUey  Bay  in  Yorksliire.  It  is  generally  a dark  blue  clay, 
sometimes  dark  gray,  approaching  to  black.  In  its  lower  jwrtion  it  has 
tKcasionally  some  beds  of  tough  calcareous  Kindstone,  "with  brown  sand.s, 
caUe<l  Kelloway  rock,  from  a place  in  Wiltshire.  This  Kelloway  rock 
apjKiars  to  be  wanting  in  the  Midland  counties  as  a distinct  rock,  though 
its  j)eculiar  fossils  occur  in  the  lower  part  of  the  Oxford  clay.  It  reap- 
jHjars  in  Yorkshire  with  the  same  characters  and  fossils  as  in  the  south. 
Tlie  maximum  thickness  of  the  Kellow’ay  rock  is  80  feet.  That  of  the 
whole  Oxford  clay,  inclmling  it,  cannot  be  less  in  some  places  than  600 
feet. 
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Characteristic  Fossils  of  the  Oxford  Clay, — ^The  fossils  of  the  Oxford 
clay  are  numerous,  and  often  very  beautiful,  the  shells  frequently 
retaining  their  iridescence  from  having  been  packed  in  close  clay,  or 
being  converted,  like  those  in  the  Lias,  into  brilliant  iron  pyrites.  The 
following  list  includes  a few  of  the  most  common  species  : — 


Fossil  group  No.  29. 


Characteristic  Fossils  of  tlie  Oxford  Clay. 


«i.  Qryi)h%a  dilatata. 

b.  Auatina  undulata. 

c.  Alaria  composita. 

d.  AmmoniU'S  Jason. 


e.  Ammonites  cxcavatus. 

/.  Belcmnites  bnstatus. 
y.  Leptolepis  macrophtlialmus. 


Anatina  nndulata 
Astarte  lurida 
Gryphtea  dilatata 
Myacites  recur\’a  . 
Ostrwa  undosa 

Alaria  composita 


Conchifera. 

Foss.  gr.  29,  h. 

. . . Phill.  G.  Y.,  t.  f),  fig.  2. 

Fo.s8.  gr.  29,  a. 

Phill.  G.  Y.,  t.  5,  fig.  25, 
. . . lUid.^  t.  6,  fig.  4. 

Gasteropoda. 

. . . Foss.  gr.  29,  c. 

2 c 


Digitized  by  Qoogie 


578 


OOLITIC  PERIOD. 


Cephalopoda. 


Ammonites  callo^densis 

conlatus  .... 

excavatus  .... 

J ason  .... 

Lamberti  .... 

modiolaris  (subloDvis) 

Belemnites  hastatus  .... 

Puzosianus* 

XautiluH  hexagonus  .... 

Tab.  View. 

Tab.  View. 

Foss.  gr.  29,  e. 

Foss.  gr.  29,/. 

Sow.  M.  C.,  242. 

Tab.  View. 

Foss.  gr.  29,/. 

Tab.  V.  and  Ly.  Man. 
Tab.  View. 

Annelida. 

Serpula  vertebralis 

• « • 

Sow.  M.  C.,  599. 

Pollicipes  concinnus  . 

Cirrijyedia. 

• • • 

Crustacea. 

S<iw.  M.  C.,  647. 

Mechocheirus  Pearcei  . 

• • « 

Ann.  Nat.  H.,  1849. 

Fish. 

Aspidorhynchus  euodus 
lj<'j)idotU8  macrocheirus 

• • • 

« • * 

Q J.G.S.,  vol.  i.,  p.  231. 
Ibid. 

Leptolej)is  macrophlbjilmiia  . . Foss.  gr.  20,  g. 


0.  The  Coral  Rag  or  Corral  hie  Oolite  was  so  called  fnmi  the 
aLiuulance  of  corals  contained  in  its  lower  beds  in  some  parts  of 
Oxfordshire  and  'VVilt.'shire.  Like  all  the  other  calaireous  or  arenaceous 
groups  of  the  Oolite,  this  is  very  irregular,  and  subject  to  great  varia- 
tions in  character  and  thickness.  There  is  a pretty  close  general 
resemblance  in  the  Yorkshire  and  Wiltshire  tyi^cs,  while  in  the  inter- 
mediate district  the  whole  group  seems  to  disappear.  It  may  l>e 
divided  into  three  sub-groups — 

FVet. 


c.  Upper  calcareoiLS  grit,  maximum  thickness  . 60 

b.  Coralline  Oolite,  „ „ . 50 

a.  Lower  calcareous  grit,  „ „ , 80 


a.  The  lower  beds  in  Yorkshire  are  a seiies  of  gray  marly  sand- 
stones seventy  feet  thick,  jnissing  uj)  into  cherty  limestone,  covered  hy 
sands  full  of  great  calcareous  concretions  capi>ed  by  strong  calcareous 
siindstones. 

b.  A variable  group  of  irregular  masses  of  nodules  made  of  corals 
compacted  together,  often  earthy,  and  connected  by  blue  clay,  passing 


* Sec  also  MonteU’s  Medals,  figs.  14S  and  144,  and  description. 
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into  blue  crj'stallme  limestone,  alternations  of  hard  shelly  Oolite,  and 
soft  perishable  limestone,  and  in  Wiltshire  a rubbly  nodular  Oolite, 
sometimes  pisolitic. 

c.  The  Upi)er  group,  obscurely  indicated  in  the  south,  is  in  the 
nortli  like  group  a,  but  more  ferruginous  and  less  cherty,  passing  up  by 
intercallation  into  the  Kimmeridge  clay  above. — {Phillips) 

The  Cond  rag  may  be  examined  either  in  Dorsetshire  and  Wiltshire, 
in  Shotover  Hill  in  Oxfordshire,  or  on  the  coast  of  Yorkshire,  about 
Scarborough  and  Filey. 

At  Shotover  Hill,  however,  considerable  erosion  of  its  iip[)er  part 
took  place  before  the  deposition  of  the  Kimmeridge  clay,  all  the  uj)|ku‘ 
calcareous  grit  having  l>een  removed. — {Phillips.)  ^ 


Characteristic  Fossils  of  the  Coral  Rag. 


Carpf>lithes  Bucklandi  . 

Plants. 

» • 

Lind.  F.  F.,*  189. 

conicus 

• • 

Ibid. 

Calamophyllia  Stokesii 

Actiiwzoa. 

• « 

Tab.  View. 

Isa.<tr.Tea  explanata 

• t 

Tab.  View. 

Stylina  tubulifera 

• • 

Tab.  View. 

Thamnastnea  arachnoides 

• • 

Tab.  View. 

Thecosmiba  (Caryopliyllia)  annularis 

Foss.  gr.  30,  a. 

Gonioniya  literata 

Conchifera. 

Foss.  gr.  30,  c. 

Lima  (Plagiostoma)  rigida 

• • 

Tab.  View. 

Ostnea  gregaria  . 

» • 

Ly.  Man.  356,  and  Tab.  V. 

Pecten  vimineus . 

• • 

Sow.  M.  C.,  543. 

Pholadomya  cequalis  . 

• 

Ibid. 

Trigonia  costata  . 

• • 

Tab.  View. 

Cerithium  muricatum  . 

Gasteropoda. 

Foss,  gr.,  30.  e. 

Chemnitzia  Heddingtonensis 

Tab.  View. 

Nerinaea  Goodhallii 

• • 

Ly.  Mail.  358,  and  Tab.  V. 

hieroglyphica 

• • 

Ly.  Man.  357. 

Phasianella  (chemnitzia)  striata 

Tub.  View. 

Ammonites  perarmatus 

Cephalo[>oda. 

• • 

Foss.  gr.  30,/. 

vertebralLs 

* • 

Tab.  View. 

Belemnites  abbreviatus 

• • 

Foss.  gr.  30,  g. 

* Llndley  and  Hatton's  Fossil  Flora. 
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Echinodermata. 


Acrosalenia  decorata  . 

Cidaris  coronata 

florigemma 

Hemiddaris  intermedia 

Nucleolites  scutatus  (dimidiatus) 


Foss.  gr.  30,  h. 

Ly.  Man.  360. 

Phil.  Man.  242. 

Tab.  V.,  and  Mantell’s  Meds., 
fig.  101. 

Phil.  Man.  244. 


Fossil  Group  No.  30. 

Coral  Uag  Fossils. 

a.  Thecosmilia  annularis.  e.  Ceritliium  niurieatum. 

h.  Acrosalenia  decorata.  /.  Ammonites  perarmatns. 

c.  Goniom.va  literata.  g.  Belemnites  abbrenatus. 

d.  Trigania  clavelbito.* 


Glj'phoDa  scabrosa 


Gvrodns  Cu\deri 

*■ 

Hybodiis  obtusus 


Crustacea. 

. PhUl.  G.  Y.  vol.  i.  p.  170. 

Fish. 

Ag.  Poiss.  fos.<. 

Ibid. 


*'  This  is  a Kimmeridge  clay  and  Portlaml  stone  fossil  according  to  Morris’s  Cut4ilogur. 
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D.  The  Upper  or  Portland  Oolites  consist  of  three  groujw, 
namely; — 10.  The  Kiinmeridge  Clay;  11.  The  Portland  bals  ; and, 
12.  The  Purbeck  beds — the  two  latter  groui>s  being  only  kno^nl  in 
the  southern  part  of  England. 

10.  The  Kinimeridge  Clay  is  so  called  from  the  village  of  Kiin- 
meridge  on  the  coast  of  Dorsetshire,  a little  west  of  St.  Alban’s  Head. 
It  is  traceable  through  Wiltshire  and  Buckinghamshire,  gradually  thin- 
ning out  fnmi  a thickness  of  500  or  600  feet,  till  it  seems  to  disapi)ear 
in  Huntingdon  and  Cambridgeshire.  It  is  again  visible  in  Lmcolnshire, 
and  largely  in  the  vale  of  Pickering  in  Yorkshire.  It  is  in  some  places  a 
dark  gray  shaly  clay,  in  others  brownish  or  yellowdsh,  containing  bands 
of  sand  or  of  ctilcareous  grit,  or  ferruginous  Oolite,  and  layers  of  nodules 
of  septaruu  In  some  places,  especially  in  the  district  about  the  Isle  of 
Purlxjck,  it  becomes  very  carbonaceous,  and  the  “bituminous  shale” 
sometimes  passes  into  layers  of  “ brown  shaly  coal.”  Layers  of  a par- 
ticular kind  of  oyster,  called  the  Ostrcea  deltoidea^  occur  abundantly  in 
many  places,  always  appearing  “ in  broad  continuous  floors  parallel  to 
the  planes  of  stmtification,  the  valves  iLsually  together,  with  young  ones 
occa.sionally  adherent  to  them,  an«l  entirely  embe<lded  in  clay,  without 
nodules  or  stones  of  any  kind,  and  without  any  organic  remains  in  tlie 
layei-s.” — {Phillipda  Man.  p.  311.) 


Characteristic  Fossils  of  the  Kimmeridye  Clay. 
Brachiopoda. 

RhjTichonella  inconstans  . Foss.  gr.  31,  a. 


Conchifera. 

Astarto  HartweUiensis 
Cardiimi  striatulum 
E.xogyra  (Orypluca)  virgula 
Ostreea  deltoidea  . 

Pinna  granulata  . 

Thracia  depressa 
Trigonia  clavellata 


Foss.  gr.  31,  c. 

Ly.  Man.  349. 

Foss.  gr.  31,  b. 

Ly.  Man.,  350  ; Phil.  Man.  258, 
and  Tab.  View. 

Sow.  M.  C.,  347. 

Fo.ss.  gr.  31,  d. 

Foss.  gr.  30,  d. 


Gasteropoda. 

Chemnitzia  gigantea. 

Patella  latissima  . . . Foss.  gr.  31,  /. 

Pleurotomaria  reticulata  . Foss.  gr.  31,  e. 


Ammonites  biplex 

rotundus 

triplicatus 


Cephalopoda. 

. . Foss.  gr.  3 1 , y. 

. . Sow.  M.  C.,  293. 

Tbid.  92. 
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Fiifh. 


Astoracanthus  ormUissiraus 
Hybcxlus  acutus 
Sphcennliis 


Ag.  Poisa.  foss. 


Ibid. 

Ibid. 


Fossil  Group  No.  31. 

Kiinmeridgc  Clay  Fossils. 

a.  Rhynchonella  incoustans.  c.  Plourotomaria  reticulata. 

b.  Exog>'ra  virgula.  /.  PhU'IIh  lutissiuia. 

c.  Astarto  Hartwell iensus.  g.  Aiumouitea  biplez. 

d.  Thracia  depressa. 


Reptiles. 


Ichtliyo.saiiruH  trigoiiiis 
Plesiosaurus  allinis  . 
Pliosaiirus  (the  genius) 
Steneosiiuni.s  rostro-uiinor 
Teleosaurus  astheiiotleirus 


Ow.  Brit.  Ass.  Rep. 
Ibid. 

Ibid. 

Ibid. 

Ibid. 


OOLITIC  PERIOD. 


583 


1 1 . The  Portland  Beds^  so  called  from  the  promontory  known  as 
the  Isle  of  Portland,  on  the  coast  of  Dorset,  have,  like  most  of  the  other 
stony  groups  of  the  Oolitic  series,  a variable  composition.  They  con- 
sist of  sands  and  sandstones  below,  becoming  calcareous  and  passing  into 
Oolitic  limestone  above.  They  are  therefore  divisible  into — 

b.  Portland  stone,  consisting  of  white  Oolite  and  beds  locally  termed 
“ stonebrash”  and  “ roche,”  etc.,  interstrati  fled  with  clays,  and 
containing  layers  of  flint  ; about  90  to  100  feet. 

a.  Portland  sands,  consisting  of  brown  or  yellow  sands  and  sand- 
stones, full  of  green  grains,  like  those  afterwards  to  be  described 
in  the  Greensands  ; about  80  feet. 

The  beds,  especially  the  lower  sands,  are  to  be  seen  at  intervals 
capping  tlie  Oolitic  hills  as  far  north  as  Oxfordshire,  where  they  occur 
about  the  summit  of  Shotover  Hill.  They  consist  there  of  sands  with 
marine  fossils,  over  which  are  “ iron  sands”  "with  fresh- water  fonns. 
— (Philb'ps’s  Brit.  Assoc.  Oxford  1860.)  Farther  nortli  they  entirely 
disiippear,  for  at  Ely  tlie  Lower  Greensand  of  the  Cretaceous  series  rests 
clirectly  on  tlie  Kimmeridge  clay. 


Characteristic  Fossils  of  the  Portland  Beds. 
Actinozoa. 


Isastnca  oblonga  . 

• • • 

Foss.  gr.  32,  a. 

Astarte  cuiieata 

Conchifera. 

• • • 

Sow.  M.  C.,  137. 

Cardium  dissimile  . 

• • • 

Foss.  gr.  32,  c. 

Lima  obliipiata 

« • • 

G.  Tr.  2,  vol.  ii.  p.  319. 

Lucina  Portlandica . 

• • • 

Foss.  gr.  32,  d. 

Modiola  pallida 

• • « 

Sow.  M.  C.,  8. 

Ostnea  exjiansa 

« « • 

Ibid.  238. 

Pecten  lamellosus  . 

• » • 

Foss.  gr.  32,  b. 

Trigonia  gibbosa 

• • * 

Foss.  gr.  32,  e. 

incurva . 

• • • 

Foss.  gr.  32,/. 

Cerithium  Portlandicum 

Gasteropoda. 

• • • 

Foss.  gr.  32,  h. 

Natica  elegans 

• • * 

Foss.  gr.  32,  g. 

Neritoma  sinuosa  . 

• • • 

Tab.  View. 

Pleurotomaria  ragata 
Tuiritella  concava  . 

« * • 

Sow.  M.  C.,  665. 

Ammonites  giganteus 

Cephalopoda. 

• • t 

Tab.  View. 

w 
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Echimdtrmata. 


Hemicidaris  Davidsoni 


Caturus  argustus 
Hybodus  strictus 
Ischyodus  Townshendi 


FUk, 


Wright,  Foss.  E.  PaL  Soc, 


Ag. 


Poiss.  foss, 
Ihid. 

Hid. 


Fossil  Group  No.  82. 

Portland  Fossils. 

a.  Isastrsfa  uMnnga.  e Trigonia  gihhosa. 

h,  Pecten  lamellosus.  / Trigonia  incunTi  (internal  castX 

c.  Cardium  disaimile  (internal  cost).  g Natica  clegaus. 

d.  Lueiua  Portlandica.  h Cerithium  Portlaudicun). 


Reptiles. 

Cetiosaurus  longus  ....  Ow.  Brit.  Ass.  Rep. 

1 2.  The  Purheck  hede  are  so  named  from  their  being  well  developed, 
and  clearly  exhibited  in  the  district,  south  of  the  Poole  estuary  in 
Dorsetshire,  whicli  is  kuo\ra  as  the  Isle  of  Purbeck.  They  differ  from 
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all  the  Oolitic  series  below,  in  being  of  fresh  -water  origin.  They  are 
fnjui  that  circumstance  more  nearly  allied  to  the  Wealden  beds  above 
than  to  the  Oolites  below,  but  they  contain  some  marine  and  other 
species  of  fossils,  which  seem  to  link  them  to  tlie  Oolites. 

Not  fur  aljove  the  top  of  the  Portland  stone,  on  which  the  shelly 
limestones  of  tlie  Purbei^k  beds  repose,  there  occur  one  or  two  “ dirt 
l>ed8,”  as  they  are  called  by  the  quarrA  uien,  which  are  in  fact  old 
vegetable  soils,  including  the  roots  and  stems  of  fossil  plants,  the  re- 
mains of  an  old  forest.  We  have  hert?  then  actual  land  surfaces,  which 
having  been  formed  over  the  marine  beds,  in  consequence,  probably,  of 
tlie  gradual  elevation  of  the  latter  above  the  sea,  were  subsequently 
buried  beneath  fresh-water  deposits  which  were  formed  either  in  a lake 
or  in  the  bed  of  a large  tranipiil  river,  that  spread  over  the  land  in 
consequence,  probably,  of  its  having  suffered  from  depression. 

The  Purbeck  beds,  although  they  have  not  a greater  thickness  than 
150  or  200  feet,  were  examined  and  described  in  great  detail  by  Pro- 
fessor Edward  Forbes,  and  subse(piently  by  Mr.  Bristow,  whose  obser\’-a- 
tions  will  be  found  in  sheet  5G  of  the  Horizontal  Sections  and  sheet  22 
of  the  Vertical  Sections  of  the  Geological  Survey  of  Great  Britain,  in 
the  latter  of  which  every  bed  is  drawn  on  a scale  of  1 inch  to  10  feet, 
with  full  lithological  and  j)ala>ontological  descriptions. 

E<.lward  Forbes  divided  tlie  Purbeck  beds  into  three  groups,  Lower, 
Middle,  and  Upjier,  which,  without  any  marked  lithological  distinctions, 
nevertheless  contain  each  a peculiar  assemblage  of  fossils. 

Mr.  Bristow’s  section  of  Durlstone  hill  contains  the  following 


groujis  : — 


Upper. 


tn 


Middle.  \ I ^ 


20.  Upper  Cypris  clays  and  shales 
19.  Unio  beds  wth  the  Crocodile  bed 
18.  Upjier  broken  shell  limestone 

(soft  burr) 

17.  Chief  “beef”*  beds  . 

1 6.  Corbiila  beds 
15.  Scallop  beds  (white  roach) 

1 4.  Leaning  vein 
1 3.  Royal  (limestone) . 

1 2.  Freestone  vein 
1 1 . Downs  vein 
10.  Cinder  bf^l  (mass  of  small  Ostnea 
distorta) 

9.  Chertv  fresh-water  beds 

V 

8.  Marly  fresh-water  beds 

Carry  forward 


Feet. 


60 


M30 


8 

8 

5 


190 


* The  quanymen  give  the  name  of  “ beef”  to  beds  of  fibrous  carbonate  of  lime. 
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Lower.  ^ 


Brought  foi^vard 


7.  Marly  fresh-water  beds  . . 7 ' 

6.  Soft  cockle  beds  . . . .60 

5.  Hanl  cockle  beds  ...  9 

4.  Cypris  free.stone  . . . . 34  ^ 

3.  Broken  bands  . . . .14 

2.  Soft  Cap  .....  6 


1.  Haul  Cap,  with  dirt  parting  at  bottom  10 


Feet. 

190 


130 


330 

At  Worbarix)w  Biiy  and  Meu'ps  Bay,  an  irregular  dirt  bed  comes 
in  between  tlie  hard  and  .soft  Caps,  but  is  not  seen  at  Ridgway  Hill 
according  to  the  Rev.  Osmond  Fi.slier.  The  whole  section  gi*adually  gets 
tliinner  at  those  places,  till  it  is  not  more  than  190  feet  at  the  latter. 

It  was  in  a little  band  about  20  feet  below  the  cinder  bed,  that  the 
very  remarkable  discoveries  of  several  Mammalian  remains  were  made 
by  Mr.  B(;ckles. 

The  Purbeck  marble,  foniierly  so  much  used  in  the  internal  decora- 
tion of  churches  and  other  buildings,  was  procured  from  bands  of  lime- 
stone, consi.sting  almost  entirely  of  compacted  fresh-water  snailshells 
(Paludina  carinifera),  which  was  interstratified  ^nth  the  Upj>er  Cypris 
clays  and  shales  No.  20. 


Characteristic  Fossils  of  the  Purbeck  beds. 


Plants. 

Cycadeoidea  microphylla 

megaphylla 

Dammarites  Fittoui 


Foss.  gr.  33,  a. 
MantelTs  Meds.  fig.  50, 
G.  Tr.  2 ser.,  vol.  iv. 


Cyrena  elongata  . 
Ostroea  distorta  . 


Conchifera. 


Foss.  gr.  33,  b. 
Tab.  View. 


Oasteroiyoda. 

Melanopsis  harpaifonnis 

Physa  Bristo\di  ....  Tab.  V.,  and  Ly.  Man.  338. 
' Paludina  carinifera  . . . Sow.  M.  C.,  509. 


Ech  inodermata. 

Hemicidaris  Purbeckensis  . . Ly.  Man.  336,  and 

Phil.  Man.  267. 
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Crustacea. 

Ai-cli£coniscu8  Edwardsii 
Cypridea  tuberculata 

fasiculata  .... 

Purbeckensis 


Foss.  gi\  33,  c. 

Ly.  Mail.,  fig.  334, 
and  Mant.  Meds.,  fig.  174. 
Ly.  Man.  337. 

Ly.  Man.  339. 


Fossil  Group  No.  33. 
Purbeck  Fossils. 


a.  CycA(lcoidea  raicropliylla.  e. 

b.  Cyrena  elongata.  /. 

c.  Archteoniscus  Edwardsii.  g. 

(L  Buprcston  stygnus  (elytron  of). 

Insects. 

iEshna  perampla 
Buprcston  stygnus 
Carabus  elongatus 

Fish. 

Aspidorliynchus  Fisbori 
Lcpidotus  Mantelli 
Microdon  mdiatiis 
Ophiopsis  breviccps 
Pholidopborus  ornatus 


Aspldorhynchus  Fisheri 
Qoniopbolis  cmssidens. 
Pleurostemon  ovatum. 


Brod.  Fo.ss.  In.,  pi.  v. 
Foss.  gr.  33,  d. 

Brod.  Foss.  In.,  pi.  ii. 

Foss.  gr.  33,  e. 

Mantell’s  Meds.,  fig.  196. 
Ag.  Poiss.  foss. 

M.  G.  S.,  Dec.  6. 

Ag.  Poiss.  foss. 
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ReptiUi. 

Goniopholis  crassidens  {Crocodilian) 

Pleuroatemon  ovatum 
Macellodus  Brodiei 
Nothetes  destructor 


Foss.  gr.  33,  /,  and 
Mantell’s  Mods.,  fig.  207. 
Foss.  gr.  33,  y. 

Q.  J.  G.  S.,  voL  X. 

Ibid.  Ibid. 


Mammalia. 

Sjwlacotherium  Brodiei 
Plagiaiilax  Becklesii 


Ibid.  Ibid. 
Ibid..,  voL  xiii. 


Fossils  Characteristic  of  more  than  one  Group. — In  selecting  groups 
of  sjMJcies  that  are  peculiarly  characteristic  of  cerfiiin  groups  of  beds, 
certain  other  species  are  necessarily  omitted  that  are  characteristic  of 
larger  jmrts  of  the  series,  being  found  in  almost  equal  abundance  in 
more  than  one  group. 

Of  these  the  following  desen*e  mention  : — 


Species  common  to  A (Lias),  and  B (Bath  Oolites). 

Brachiopoda,  Tliecidium  triangulare  ranges  from  Upper  Lias  to  Com- 
bnush  {Lpcett). 


Sj)ecies  common  to  A and  C (Coralline  Oolite). 

Conchifera,  Modiola  cuneata. 

Species  common  to  B and  C. 

Actinozoa,  Thamnastnea  concinna. 

Pohfzoa,  Ileteroponi  ramosa. 

Brachiopoda,  Rhyiichonella  varians,  Terebratula  impressa,  omithocephala. 

Conchifera,  Anatina  undata,  Gervillia  sili(|ua,  Isodonta  triangularis,  Lima 
duplicata,  Pecten  annulatus,  demissus.  Pinna  lanceolata,  mitis, 
Area  cemula,  Cucullaea  elongjita,  oblonga,  Goniomya  litterata  and 
scripta,  Is(^cardia  tenera,  Lithodomus  inclusus,  Lucina  crassa,  Myacites 
ealceiformis,  Quenstedtia  lajvigata. 

Gasteropoda,  Alaria  trifida.  Bulla  elongata,  Pleurotomaria  granulata,  Pur- 
purina  nodulata. 

Cephalopoda,  Ammonites  macrocephalus. 

Echinodermata,  Echinus  perlatus,  Hemicidaris  interrae<lia,  Nucleolitas 
orbicularis,  scutatus,  and  sinuatus,  Pygaster  semisulcatus,  Pygimis 
pentagonalis. 

Criistacea,  Glyphsoa  rostrata. 

Species  common  to  B,  C,  and  D (Portland  Oolites). 

Conchifera,  Trigonia  costa ta. 
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Species  common  to  B and  D. 

Conchifera^  Cardium  striatulum,  Pecten  arcuatiis,  Pholadomya  ovalis. 

Species  common  to  C and  D. 

Brachiopoda^  Lingula  ovalis. 

Conchifera^  Astarte  ovata,  Exog3rra  nana,  Gervillia  aviculoides,  Lima 

rustica,  Ostrooa  solitaria,  Trigonia  clavellata. 

Scotland. — Patches  of  Lias  and  O.xford  Clay,  some  of  which  are 
estuary  beds,  occur  here  and  there  on  the  islands  of  Mull  and  Skye,  and 
other  parts  of  the  western  coast  of  Scotland.  Near  Brora,  on  the  east 
coast  of  Sutherlandshire,  rocks  similar  to  the  Lower  Oolites  of  York- 
shire are  found,  containing  similar  beds  of  impure  coal  (see  papers  by 
Sir  R.  I.  Miu-chison,  Tram.  Geol.  Soc.^  vol.  ii.,  second  series,  and  by 
Professor  Edwaixl  Forbes,  Quart.  Jour.  Geol.  Soc.y  vol.  vii.,  etc. ; and  First 
Sketch  of  New  Geol.  Map  of  Scotland,  by  Sir  R.  I.  Murchison  imd  Arch. 
Geikie. 

Ireland. — The  only  beds  belonging  to  the  Oolitic  series  in  Ireland 
are  some  black  Liassic  shales  which  are  visible  in  some  parts  of  Antrim. 
These  occur  just  at  the  top  of  the  red  marls  of  the  Trias,  and  are  pro- 
bably the  ba.‘«il  beds  of  the  Lias.  They  do  not  anyw’here  exceed  thirty 
or  forty  feet  in  thickness,  but  contain  often  an  abundance  of  character- 
istic  Lias  fossils  (see  fig.  1 22). 

The  district  of  the  Jura  Mountains. — It  luis  already  been  said  that 
on  the  Continent  the  Oolitic  series  is  called  the  Jurassic  series  because 
it  forins  the  Jura  mountains. 

The  following  cla.ssification  of  the  beds  in  that  district  is  the  one 
given  by  M.  Jules  Marcou  in  his  Lettres  sur  les  Roches  de  Jura,pi'emikre 
livraison,  in  which  I have  translated  the  thicknesses  from  French  metres 
into  English  feet.  It  is  remarkable  tliat  although  the  Jura  mountains 
are  at  lea.st  five  times  the  height  of  the  Cotteswold  hills,  and  occupy 
more  than  five  times  the  area  of  the  Oolitic  range  in  England,  yet  the 
actual  thickness  of  the  beds  is,  according  to  Marcou’s  measurements, 
considerably  less  in  tlie  Jura  tlian  it  is  in  England.  In  the  Jura,  how- 
ever, they  are  wonderfully  bent  and  contorted  into  folds  of  every  degree 
of  magnitude,  so  that  beds  which  in  some  parts  at  least  do  not  much 
exceed  1 000  feet  in  thickness,  neverthele.ss  make  up  the  principal  mass 
of  a large  and  complicated  mountain  chain.  Tliis  chain  is  composed 
of  no  other  rocks  than  the  Juras.sic  and  Neocomian  beds,  and  neverthe- 
less far  exceeds  in  height  and  importance  the  Pala?ozoic  mountains  of 
England,  France,  or  Germany. 
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Upper 
Oolite,  -< 
49.3  ft. 


OxtXJRDIAN 
161  ft. 


Lower 
Oolite,  ^ 
25.3  ft. 


Lias, 
198  ft. 


i 


XI.  Groupe  de  Salins.  j 

X.  Grouj)e  de  For-  / 
rentruy.  [ 

IX.  Groupe  dc  Besan-  j 
9on.  \ 

VIII.  Groupe  Corallien.  | 

VII.  Oxfonlien  sup^-  ) 
rieur.  j 

VI.  Oxfordien  infe- 
rieur. 

- 

V.  Groupe  du  de- 
jmrtement  de  < 
Doubs. 


IV.  Groupe  du  de- 
partement  du  < 
Jura. 


III.  Lias  Superi(iur. 


II.  Lias  moyen. 


I.  Lias  mf^rieur. 


i 

I 

{ 

i 

i 


Ft^t. 

26.  Calcaire  de  Salins . . 106 
25.  Manies  de  Salins  . . 11 

24.  Calcaire  de  Banne  . 1 32 
2 3.  Manies  de  Bann4  . . 14 

22.  Calcaire  de  Bt^san^on  98 
21.  Mames  de  Besan^on  . 16 

20.  Oolite  coralliene  . . 24 

1 9.  Coral  rag  de  la  Chapelle  82 

18.  Couches  d’ Argo  vie  . 98 

1 7.  Mame.s  Oxfordiennes  . 48 

16.  Fer  de  Clucy  ...  16 

15.  Calcaiies  de  Palente  . 20 

14.  Calcaires  de  la  Cita- 

delle  (Besan^on)  . 65 

13.  Calcaires  de  la  porte 

de  Tanugnoz  . . 33 

1 2.  Mames  de  Pksne  . . 10 

11.  Roches  de  corraux  du 

fort  St.  Andre  . . 33 

10.  Calcaires  de  la  Roche 

pourrie  ....  69 

9.  Fer  de  la  Roche  pour- 
rie   33 

8.  Mames  d’Aresche  . . 26 

7.  Mames  de  Pinj)ertlu  . 48 

6.  Schistes  de  Boll  . . 7 

5.  IMames  de  Cernans  . 20 

4.  Mames  Souabiennes  . 43 

3.  !Mames  de  Balingen  . 38 

2.  Calcaires  de  Blegny  . 1 5 

1.  Couches  de  Scham- 

belen 6 
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Of  these  groups,  M.  Marcoii  identifies  his  Lias  with  our  Lias  gene- 
rally. 

He  correlates  liis  Oxfordien  inferieur  ^\ith  our  Oxford  clay,  beliering 
his  Couches  d’Aigovie  to  be  unrepresented  in  England,  unless  by 
Phillips’s  gradations  between  the  cjilcareous  grits  of  the  Coral  Rag  and 
Oxfonl  clay  in  Yorkshire. 

M.  Marcou  also  correlates  his  Mames  de  Bann<i*  with  the  Kimmeridge 
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clay,  and  believes  his  Grotipe  de  Salins  to  be  the  purely  marine  equiva- 
lent of  the  jMirtly  maiine  and  partly  fresh-water  Purbeck  beds.  He 
also  identifies  the  intermediate  groups  of  the  Jura  with  the  inter- 
mediate groups  of  the  English  (X)litic  s(?ries  with  more  or  less  precision. 

M.  Marcou  gives  a table  supjwrting  these  identifications  by  lists  of 
chamcteristic  fossils  found  in  most  of  liis  twenty-six  sulxli visions  of 
the  Jurassic  series. 

France  and  Germany. — Other  authors  have  adopted  different  desig- 
natioiLs  for  different  ports  of  the  Continental  Jurassic  series,  which  it 
will  be  best  perhaj)s  t(»  give  in  the  following  tabidar  form,  referring  to 
the  table  previously  given  at  p 564. 

/)  1 2.  PuRDECK  Beds,  not  identified  by  other  authors. 

D 11.  Portland  Beds. — Teirain  Portlandien,  Upper  white  Jura,  cal- 
Ciiire  h tortues  de  Soleiire. 

7)  10.  KntMERiDOE  Clay. — Terrain  Kimmcridgicn,  argiles  noirs  de 
Honfleur,  calcaire  h astarte.s.  Part  of  the  terrain  Portlandien  of 
the  geologists  of  the  Swiss  Jura,  who  call  the  lower  part  Terrain 
Sequanien  ; part  of  UpjKT  white  Jura. 

C 9.  Coral  Raw. — TeiTain  Corallien,  schistes  de  Nattheirn,  calaiire  h 
nerinees.  Middle  white  Jura.  (Tlie  lithographic  flags  of  Solen- 
hofen  are  believed  to  belong  to  this  group.) 

C 8.  Oxford  Clay, — Termin  Oxfortlien,  terrain  k chaiUes,  Oniaton 
thon,  Ini})ressa  kalk,  Spongiten  lager.  Part  of  brown  Jura  and 
Lower  white  Jura. 

C 8 a.  Kelloway  Rock. — Terrain  Callovien,  Oxfordien  iiiferieur. 
Part  of  bro^  J ura. 

li  5.  Fcller’s  Earth  ; 0.  Cheat  Oolite  ; and,  7.  Cornbrash. — 
Terrain  Bathonlen,  calcaire  de  Caen  et  Ranville,  Parkinsoni  Bank. 
IVrt  of  brown  J am, 

7?  4.  Inferior  Oolite. — Terrain  Biijocien,  calcaire  Lcedonien,  calaiire 
^ polypiers,  inames  vesulienucs,  Eisen-Rogenstein,  Discoidien 
mergel.  Middle  brown  Jura. 

A 3.  Upper  Lias. — Terrain  Toarcicn,  Posidonomya  schiefer,  Jurensis 
mergel,  Opalinus  thon.  Upper  black  Jura  and  Lower  brown 
Jura. 

A 2.  Marlstone. — Terrain  Liasien,  Amaltheen  thon,  Numismalen 
mergel.  Middle  black  Jura, 

A 1 . Lower  Lias. — Terrain  Sinemurien,  gres  du  Luxembourg,  calcaire 
de  Valognes,  gres  de  Luicksfield,  Giyphiten  kalk.  Lower  black 
Jura. 

Tile  first-mentioned  names  in  the  above  list  are  those  of  D’Orbigny. 

In  travelling  across  France  and  its  borders,  uithm  the  limits  of  the 
Geological  Map  of  France,  by  E.  De  Beaumont  and  Du  Fresnoy,  the 
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English  geologist  cannot  fail  to  be  struck  ■with  the  general  resemblance 
of  the  Oolitic  and  Triassic  formations  to  those  of  his  o\\ti  country. 
Although  it  is  always  unsafe  to  trust  to  lithological  resemblance,  yet  it 
appears  certain  that  there  is  a wonderful  general  identity  of  mineral 
character  in  the  Mesozoic  rocks  of  western  Europe, 

When,  however,  we  pass  the  Jura  chain  and  approach  the  Alps,  the 
Lias  and  other  Jurassic  rocks  become  completely  metamorphosed  into 
clay  slates,  mica  schists,  and  gneiss,  with  crj^stalline  limestone  (Alpen 
kalk)  like  the  so-called  primary  limestones  of  our  old  metamoiphic 
districts.  The  main  mass  of  the  Swiss  Alps  is  probably  composed  of 
these  metamorphosed  Oolitic  rocks,  and  it  may  well  be  doubted  whether 
any  part  of  the  Western  Alps  shews  any  but  a very  few  rocks  of 
greater  antiquity  than  the  Oolitic  Period,  although  they  were  at  one 
time  supposed  to  be  of  primary  or  “ primitive”  origin. 

America. — Sir  C.  Lyell  describes  some  of  the  rocks  of  North 
America  as  like  those  of  the  Yorkshire  and  Sutherland  Oolites.  They 
consist  of  sands  and  clays,  with  beds  of  coal,  and  contain  numerous 
plants. 

Professor  W.  B.  Rogers  first  described  the  Richmond  coalfield  of 
Vii'ginia,  which  contains  many  seams  of  good  coal — one  thirty  or  forty 
feet  in  thickness — as  belonging  to  the  Oolitic  Perio<l.  It  apjiears,  how- 
ever, from  Marcou’s  Geology  of  North  America,  that  the  identification 
of  these  beds  as  of  Oolitic  age  is  erroneous,  and  that  they  are  more 
probably  Triassic  (Keuper)  than  Oolitic.  Marcou  also  describes  other 
marine  Oolitic  beds  as  existing  in  New  Mexico,  and  to  the  west  of  the 
Rocky  Mountains. 

Mr.  D.  Forbes  describes  {Quarterh/  Journal  of  the  Geological  Society ^ 
voL  xvii.)  large  parts  of  Peru  and  Bolivia  on  the  western  side  of  the 
Andes,  as  formed  of  rocks  belonging  to  the  Oolitic  Period,  consisting  of 
clays,  shales,  and  limestones,  with  many  characteristic  Oolitic  fossils, 
but  interstratified  with  great  beds  of  jx>rphyry  and  porphyry-tutfs  and 
conglomerates. 

India. — Beds  containing  Ammonites  and  other  foasils,  like  those  of 
the  Lias  and  Lower  Oolites,  were  described  by  Mr.  Grant  {Tram.  Geol. 
Soc.f  Lond.,  vol.  v.,  2d  ser.)  as  occurring  in  Cutch,  and  being  associated 
\^*ith  other  beds  containing  coal  and  plants  of  Oolitic  genera. 

In  the  7th  vol.  of  D’Archiac’s  History  of  the  Progress  of  Geology ^ 
these  and  other  beds  in  the  north  of  India  are  spoken  of  as  of  marine 
origin  and  belonging  to  the  Oolitic  Perio<l,  and  a vast  central  fresh- 
water fonnation  of  Middle  and  Southern  India  is  also  said  to  belong  to 
the  same  period. 

D’Arcliiac  quotes  Mr.  Carter’s  Summary  of  the  Geology  of  India 
{Journal  of  Bombay  Branch  of  As.  Soc.)y  who  says  that  the  Oolitic  series 
of  India  consists  of — 
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4.  Diamond  conglomerate. 

3.  Paiiiia  sandstone. 

2.  Kattra  shales,  with  limestones  and  coals. 

1.  Tara  sandstone. 

1.  The  Tara  sandstone  has  been  called  both  Old  and  New  Red  Sand- 

stone. It  is  1000  feet  tliick  and  without  fossils,  but  seems  to 
pass  up  into 

2.  Tlie  Kattra  (or  Kuttrah)  shales,  to  which,  according  to  Carter,  tfie 

Burdwan  and  other  coals  west  of  the  Hooghly  belong,  contain 
plants  of  the  genera  Glossopteris,  Tccniopteris,  Yertebraria,  21amia, 
etc.,  etc.,  together  with  those  of  other  genera,  as  Cidamites,  Pecop- 
teris,  Poacites,  and  Sphenophyllum,  which  are  both  Carboniferous 
and  Oolitic  genera. 

3.  The  Panna  .stindstone  has  a maximum  thickness  of  2000  feet,  and  is 

capped  in  some  places  by 

4.  Tlie  Diamond  conglomerate,  which  contiiins  pebbles  of  sandstone 

and  quartz,  and  occa.sionally  dhmionds. 

Tliese  two  last  groups  do  not  contain  fossils,  but  were  believed  by 
Newbold  to  be  of  pnccretaccous  age. 

Australia. — In  a recent  exploration  on  the  western  coa.st  Mr.  Gre- 
gory discovered  fossils,  such  jus  a Trigonia  and  Ammonite,  which  seem 
more  like  those  of  the  Oolitic  series  than  any  others. 

This  therefore  lends  some  small  sui)port  to  the  belief  in  the  Oolitic 
age  of  some  of  tlie  coal-beds  of  New  South  Wales,  Victoria,  and  Tas- 
mania, in  which  plants  have  been  foimd  which  were  supposed  to  be 
nece.s.sarily  of  Oolitic  age.* 

Arctic  Regions. — St.  Anjou  of  the  Russian  navy  asserted  many  years 
ago  that  he  had  found  anuuonites  in  the  cliffs  of  New  Siberia,  in  north 
latitude  74.  Others  have  since  been  brought  home  by  Captain  Sir 

• In  vol.  1.,  p.  8,  of  Hooker's  Ilimmalayan  Joumnls,  will  be  found  somo  excellent  re- 
mark!) on  the  doubtful  nature  of  the  evidence  as  to  couteinpomneity  of  beds  to  be  derived 
from  f«:>ssil  plauts,  and  especially  from  fossil  ferns.  He  says — “ Amongst  the  many  collec- 
tions of  fos.sil  plants  tliat  I have  examined,  there  is  hardly  a specimen  belonging  to  anj’ 
eisK’h  sufllcieutly  iwrfoct  to  warrant  the  assumption  that  the  species  to  which  it  belonged 
can  Ik*  agiiin  rccoguixed.  The  Imtanical  evidences  which  geologist.s  too  often  accept  as 
proofs  of  8i>eciflc  identity,  are  such  as  no  botanist  wotild  attach  any  importauce  to  in  the 
investigation  of  existing  plants.  The  faiute.st  traces  assumed  to  be  of  vegetable  origin  are 
habitually  ma<lo  into  genera  undsiKcies  by  uaturalists  ignorant  of  the  structure,  aflinities, 
and  distribution  of  living  ]>lants." 

I would  add  to  this,  that  geologists  proper  are  not  the  persons  to  blame,  since  tliey  only 
accept  the  dicta  of  the  palaiontologists,  to  whom  they  look  as  authorities.  I entirely  agree 
with  another  sentence  in  the  pages  to  which  I refer,  that  “ similar  fossil  plants  at  places 
widely  different  in  latitude,  and  hence  in  climate,  is  rather  an  argument  against,  than  for, 
their  having  existed  contemporaneously.”  A rule  which,  if  we  a<lmit  the  doctrine  of  specific 
centres,  is  good  for  most  fossils  found  in  widely  separated  localities,  iudei)endeutly  of  jnere 
differences  of  clinuite. 
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Leopold  M‘Clintock  from  Point  Wilkie  in  Piince  Patrick  Island,  76°  20' 
north.  One  of  these  has  been  Cidled  Ammonites  M'Clintocki,  and 
compared  with  Ammonites  concavus  of  the  Lower  Oolites  of  France  by  the 
Rev.  Professor  Haughton.  Sir  L.  M‘Cliutock,  Captain  Sherrard  Ossbom, 
and  Sir  R Belcher,  als^>  found  i>ortions  of  Ichthyosaurus  in  those  regions. 
(See  appendix  to  Fate  of  Franklin^  by  Captain  SLr  L,  M'CTintock. 
Murray:  London,  1859.) 


Life  of  the  Period. 

Tlie  scanty  and  imperfect  traces  of  life  found  in  the  rocks  of  the 
Permian  and  Triassic  Periods  as  assemblages  of  fossils,  are  in  remarkable 
contrast  with  that  formed  by  the  abundance  of  organic  remains  to  be 
found  in  the  rocks  of  the  Oolitic  Period. 

The  following  list  will  sliew'  some  of  the  generic  forms  wiiich  now’^ 
appear  to  have  first  come  into  existence  on  the  earth,  those  that  w’ere 
confined  to  the  period  being  marked  as  before  by  an  asterisk. 

/V^«^^f,*Acrostichites,  *Araucarites,*Baiera,  *Bcnsonia,  *Brach}T)hyllum, 
♦Bucklandia,  * Cry])tomerites,  * Ctenis,  Cupressus,  Cycadeoidea, 
•Dammarites,  * Glossopteris  (Sageuopteris)  Lonchopteri.s,  *Naia- 
dite.s,  * Pachypteris,  * Palacozamia,  Pence,  * Phlebopterls,  * Podo- 
carya,  * Polypodites,  Polystichites,  Pterojdiyllum,  * Sageuopteris, 
*Sidicites,  * Schizopteris,  *Solenites,  *Sphajreda,  * Sphserococcites, 
*Strickhuidia,  Stiobilites,  * Toeniopteris,  *Taxites,  Thuytes,  *Tym- 
panophora,  Zamiostrobus,  *2iamites. 

Foraminiferaj  Bulimina,Cristellaria,  Flabellina,  Marginulina,  Kodosaria, 
Rotalina,  Spirolina,  Vagiuulina,  Yuhnilina,  Webbina. 

Spongido‘y  Manon,  Spongia. 

• Actinozoiij  Adelastnea,  * Angeastnea,  Anomophyllum,  Astrocceuia, 
*Axosmilia,  Cidamophyllia,  Coclosmilia,  *Comoseris,  Cyathophora, 
*Discocyathus,  Enallohaelia,  *Euhelia,  Favia,  Hajdojihyllia,  *Hap- 
losmilia,  Heliastraa,  Mscandrina,  *Microsolena,  Millepora,  Oroseris, 
• Pachygyra,  *Placosphyllia,  Plerastiu>a,  Pleurocajnia,  Phytogyra, 
■^^Protoseris,  Rliipidogyra,  Stcphanocacnia,  Stylina,  Stylosmilia, 
*Thecocyathus,  Tliecosmilia,  Trochocyathus,  Trochosmilia,  Ulo- 
phyllin. 

Pohjzoa^  Alecto,  *Apseudina,  *Ciirysaora,  Cricopora,  Idmonea,  Tere- 
bellaria,  Tlieonoa. 

Brack  iopoda , Te  rdjiiit  ell  a. 

Couchiferay  Astarte,  * Ceromya,  Corbis,  *CorbiceUa,  Cyprina,  C}’’rena, 
Dicems,  Exog}Ta,  *Goniomya,  *Gius.slya,  Gryphiea,  Hinuites, 
* Hippopodium,  Isocardia,  *Isodonta,  Lima,  *Idmea,  Limopsia 
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Myoconcha,  Neacra,  Pachyrisma,  Plioladomya,  Pliolas,  Potainoinya, 
Quenstedtia,  Sphacra,  *Tancredia,  Tliracia,‘^Trigonia,'  * Unicaixlium. 
Gasteropofluj  Actaeon,  *Actaeoniiia,  *Alaria  * Brachytrema,  Bulla,  *Ceri- 
tella,  Cerithiuni,  Chemnitzia,  * Cirrus,  Deljdiinula,  * Duslong- 
champsia,  Emarginula,  Fissurella,  Fusus,  Hydrohia,  Monodonta, 
Murex,  Nerinaxi,  Neritina,  * Neritopsis,  Paludina,  Pileolus,  Ptero- 
ceras,  * Purpuriua,  * Rimula,  * Rissoiua,  Solarium,  * Sjunigera, 
Stomatia,  * Trocbotoma. 

Ce^thalopoday  * Acanthoteuthie,  Ammonites,^  Ancyloceras,  Belemnites, 

* Geoteutliis. 

Echiimknnaiaj  *Acrosalenia,  *Apiocrinu8,  Astropecten,  Cidaris,  *Cly- 
]xjus,  Colly  rites,  * Diplocidaris,  Echinobrissus,  * Extracrinus, 

* Galeroi)ygus,  *Glypticus,  Hemicidaris,  *Heinipediua,  *Heteroci- 
daris,  Holectypus,  *Hyboclypus,  *Liiidia,  *Mjigiiotia,  *Milleri- 
criiius,  * Palajocoma,  *Pedina,  Pentacrinus,  *Plumiuster,  *Poly- 
cyphus,  Pseudodiadema,  Pygaater,  Pygurus,  Rhabdocidaris,  Solaster, 

* St^uiiecliinus,  * Tropuhuster. 

AnnelUla^  Vermiculaiia. 

Cirrihipedia^  Pollicij[)e8. 

CrmtaceUj  *ArcbaooiiLscus,  ?Astacu8,  * Colcia,  Cypridea,  Eryon,  Estheiia, 

* Gl>'|)lisca,  * Mecocheirus,  ? Pivgurus. 

Insectn,  Berosus,  Carabus,  Cerjdou,  Coccinella,  Colymbetes,  Cyplion, 
Elater,  Gyrinus,  Helophorus,  Lacoj)liilus,  Limnius,  Melolontha, 
Rhyncopliora,  and  nnmy  other  genera  of  the  families  Carabidao, 
Blapsida),  Buprestida),  Nemoptera,  Orthoptera,  Homoptera,  Diptera, 
etc.,  etc. 

Fishy  .^chiiKKlus,  *Amblyiirus,  *Arthropterus,  *Aspidorliyncus,  Astora- 
canthus,  Belonostoraus,  Catums,  * Centrolepis,  * CVramurus, 

* Chondrosteus,  * Conodus,  *Cosmolepis,  *Ctenolepis,*Cyclarthrus, 

* Dapedius,  * Eugnathus,  * Ganodus,  G}n:odus,  * GjTonchus,  * Gy- 
rosteus,  Ischyodus,  Isodius,  * Legnonotus,  Lepidotus,  * Lcpto- 
lepis,  * Macrosemius,  Microdon,  * Myriacanthus,  * Nothosomus, 

* Ophiopsis,  *Oxygnathu8,  * Pacliycormus,  * Pliolidophorus,  * Pleuro- 
})holis,  * Pristacanthu8,  * Ptycholepis,  Pycmxlus,  * Sauropsis,  * Sca- 
phodus,  *Semionotus,  *Sphrerodus,  Splienonchus,  *S(pialoraia, 
Stro[)hodus,  * Tetragonolepis,  * Thrissonotus,  * Thyellina, 

Reptiles,  Cetiosaurus,  Cheloue,  Goniopliolis,  Ichthyosaurus,  Lacerta, 

* Macello<lu8,  * Macrorhyiicus,  Megalo.saurus,  * Nothetes,  Plesio- 
saurus, * Pleurosternon,  *Pliosaiirus,  Pterodactyl  us,  * Steneosaums, 
Streptos|x»ndylus,  * Teleosaurus,  Tetrosternon,  Trionyx. 

Mammalia,  *Amphithorium  (or  Tliylacotherium),  * Amphilestes,  * Phas- 
colotherium,  * Plagiaulax,  *Spalacotherium,  * Stereognathus,  *Ti'i- 
conodon. 

' Unless  the  Trigonla,  and  the  Ammonites,  and  Belcmnites,  arc  to  he  dated  from  the 
Triassic  Period  from  their  being  found  iii  the  Hallstadt  and  St.  Cossian  beds. 
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It  will  be  seen  that  new  genera  of  plants  come  in  abundantly, 
and  a glance  over  their  names  >\ill  shew  many  that  have  an  obvious 
aftinity  to  still  existing  genera,  such  as  Araucaria,  Danimara,  and  Zamm, 
one  (Cupressus)  l>eing  even  supposed  to  belong  to  an  existing  genus. 
Many  new  ferns  (marked  by  the  woixl  ptens  forming  jmrt  of  the  name) 
supplied  the  place  of  those  that  had  dietl  out  since  the  Carboniferous 
Period. 

Of  the  Fomminifera  many  of  the  genera  which  now  came  into 
existence  still  remain  represented  by  iliffereut  living  species. 

Of  the  Corals,  which  are,  of  course,  the  only  kinds  of  Actinozoa  that 
can  occur  fossil,  none  of  the  genera  mentioned  above  belong  to  the 
order  Rugosa,  the  greater  number  being  Ajx)rosa.  The  whole  families 
Turbinoliduj  and  OculLnidae  now  apj>ear  for  tlie  first  time  {Greeneg 
Oalcnterata), 

The  new  Polyzoa  are  more  niunerous  than  the  new  Bracliiopoda,  of 
which,  indeed,  one  sub-genus  only  makes  its  ai)pearance,  the  one  called 
Teixd)ratella. 

The  class  Conchifera,  however,  shews  a great  number  of  new  genera, 
more  than  at  any  previous  period  ; and  many  of  these  still  exist  as  genera, 
some  of  them  being  abundantly  represented  by  diflerent  sj^ecies  in  the 
seas  of  the  present  day.  Others,  however,  have  beaime  extinct  more  or 
less  completely  in  intermediate  times  ; while  a few,  such  as  Pholadomya 
and  Trigonia  are  samtily  represented  by  one  or  two  species  which 
appear  to  be  lingiiring  out  existence  in  some  remote  comers  of  the 
globe.  Many  of  the  genera  which  are  marked  above  as  being  confined 
to  the  Oolitic  Period  have,  perhaps,  been  foimded  on  rather  insufficient 
data,  and  are,  therefore,  of  rather  doubtful  vtilue  as  genera  to  the  biologist, 
although  often  useful  to  the  geologist,  as  grouping  together  fonns  more 
or  less  distinct  from  others  with  which  they  have  an  affinity. 

The  same  remarks  aj)ply  almost  ecpially  to  the  Gasteropods,  of 
which  the  number  of  new  fonns  is  verj"  great  compjired  with  those  of 
the  Ccphaloi)ods,  although  the  latter  class  greatly  abounded,  so  far  as 
individuals  are  concerned.  Tlie  carnivorous  Gasteropods,  or  those  ^v^th 
notches  and  canals  to  their  mouths,  now  become  much  more  numerous 
than  heretofore,  and  must  have  contributed  with  the  Oephalopods  to 
keep  down  the  superabundance  of  marine  life  of  other  kinds. 

The  Ceplialoix>ds  would,  if  we  refer  the  first  appearance  of  Ammonites 
and  Belemnites  to  the  IViassic  Perio<l,  have  no  new  generic  fonns  of 
unportance  dating  fiom  the  Oolitic  times.  So  far  as  the  British  area, 
however,  and  that  of  western  Europe  generally,  is  concemotl,  we  get 
no  Ammonites  and  Belemnites  in  j>rae-Oolitic  foimations.  They  cer- 
Uiinly  now  become  extraordinarily  numerous  in  individuals.  Some  of 
the  beds  of  the  Lias,  wheu  exjx>sed  on  the  short's  of  the  south  coast 
of  Eughind,  shew  a complete  pavement  of  Belemnites,  and  in  other 
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places  an  equal  assembltige  of  Ammonites.  Parts  of  the  altered  Lias  of 
Portrush,  in  the  north  of  Ireland,  shew  these  floors  of  Ammonites  of  all 
sizes,  fi*om  a foot  in  diameter  do^v^l  to  others  not  bigger  than  peas. 
The  abundance  of  species,  too,  is  as  great  as  that  of  individuals.  As 
many  as  600  species  of  Anmionites  have  been  named,  the  majority 
belonging  to  the  Oolitic  rocks.  Even  the  minuter  subdivisions  of  this 
series,  as,  for  instance,  the  sub-groups  of  the  Upper  Lias,  viz.,  the 
Upper  Lias  shale  and  the  Upjxjr  Lias  sands,  have  each  their  nine  or 
ten  peculiar  sj^ecies  of  Ammonites. — {Dr.  Wright  and  Mr.  Lycett) 

As  the  Ammonites  were  probably  as  much  oceanic  cuttle-fish  as  is 
the  Nautilus  of  the  present  day,  and  therefore  inde}>endent  of  any 
peculiar  character  of  the  sea  bottom  in  which  their  reimiins  were  ulti- 
mately preserved,  we  seem  to  be  driven  to  the  conclusion  that  the 
variation  in  the  forms  of  life  apparent  in  the  remains  found  in  these 
little  thin  deposits  was  the  result  of  the  extinction  and  disappearance 
of  one  set  of  species  and  their  replacement  by  others.  If  this  change 
took  place  with  no  greater  lapidity  than  equal  changes  take  place  now 
(and  there  is  not  the  slightest  evidence  in  favour  of  any  greater  rapidity), 
each  of  these  little  sub-groups  of  rock  must  contain  the  records  of 
myriads  of  years. 

The  Belemnites  and  the  other  dibranchiate  cuttle-fish,  the  desciip- 
tion  of  which  will  be  found  in  Mantell’s  Medals  of  Creation  and  in 
Buckland’s  Bridgeimter  Treatise^  are  curioiLs,  among  other  things,  for 
the  preservation  of  some  of  their  ink  bags.  Mr.  C.  Moore  of  Bath 
produced  at  the  meeting  of  the  British  Association  at  Cheltenham, 
certain  nodular  lumps  of  Oolitic  rock,  which  he  said  he  knew  from 
experience  contained  the  remains  of  these  Cephalopods ; and,  on 
breaking  one  of  them  open,  a nucleus  of  brown  dusky  powder  was  seen, 
that,  on  being  moistened,  was  instantly  used  as  excellent  sepia  colour. 
Dr.  Buckland  mentions  Sir  F.  Chantiy  having  tnade  a drawing  with 
this  fossil  sepia — {Bridgewater  Treatise^  chap,  xv.)  Thcvse  scjuid-like 
annuals  miLst  have  swanued  in  shoals  like  those  which  I have  seen  on 
the  shores  of  Ne\vfoimdland,  when  the  calm  surface  of  the  sea  looked 
as  if  a heavy  shower  was  falling,  from  the  little  drops  of  water  ejected 
from  the  mouths  of  myriiuls  of  small  squids,  which  were  darting  about 
just  below  the  surface,  and  were  sometimes  continually  visible  on  each 
side  of  the  boat  as  we  rowed  for  miles  along  shore. 

The  Echinodennata  begin  now  to  lose  their  abundance  of  Sea  Lillies 
(Crinoidea),  which  till  now  were  more  abundant  than  any  other  order, 
though  a few  very  beautiful  and  remarkable  new  forms  of  them  make 
tlieir  appearance  ; while  among  Sea  Urchins  and  Star  Fishes  the  new 
forms  become  very  numerous,  and,  as  is  the  case  with  almost  the  whole 
class,  singularly  elegant.  They  approach,  on<  the  whole,  more  nearly  to 
those  of  the  present  day  than  did  the  earlier  forms. 
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The  Crustacea,  in  like  manner,  Iwpin  to  resemble  our  own  lobsters, 
crabs,  and  sluimps,  more  nearly  than  did  the  older  Trilubites  and  Eury- 
pteriditB. 

A great  variety  of  insects  have  been  found  in  the  Lias  and  in  the 
Purbeck  beds,  chiefly  by  Mr.  Brodie,  who  has  publi8he<l  an  account  of 
them  under  the  title,  “ Fossil  Insects  of  the  Secondary  Rocks  1845. 

The  fossil  Fish  of  the  Oolitic  rocks  are  in  many  places  very  numer- 
ous and  oft(?n  l)cautifully  preserve<l,  the  w'hole  skin  of  glittering  scales, 
w'ith  the  tins  and  tail,  being  sometimes  almost  as  perfect  as  the  skins  of 
recent  fish  in  a museum.  Homocercal  Fish  become  now  almost  as 
numerous,  compared  w'ith  the  heteroccrcal,  as  in  our  own  day. 

True  Sharks  and  Rays  (Squalidie  and  Raiadac)  seem  now  first  to 
have  come  into  existence,  in  aildition  to  the  Cestracionidie,  which 
existed  previously,  and  are  not  yet  entirely  extinct.  Most  of  the 
Oolitic  tish  are  of  the  Ganoid  oixler,  belonging  to  the  families  Pycno- 
dontida*,  Dapediihe,  Lepidotida',  Leptolepida;,  and  Stiirionidw. — (Oweii** 
Pahfontolofjy) 

Reptiles,  wdiich  in  three  preceding  jxjricxls  ha<l  lieen  chiefly  of  the 
Gamx'ephalad  and  LabjTinthodont  types  of  Ow'en,  now  become  much 
more  numerous  and  much  more  various  than  formerly. 

The  oixler  Deinosauria  (Ow'en)  shews  us  in  the  bones  of  the  Megalo- 
saurus  a huge  hollow-boned  * terrestrial  rejitile,  attaining  sometimes  a 
length  of  tliirtv  feet,  wdth  great  limbs,  and  rows  of  sharj),  ix*curved, 
serrated  teeth,  a comliinatiou  of  knife,  sabre,  and  saw’,  with  a backxvard 
clutch,  from  which  nothing  once  grasped  could  have  escajHab  We 
may  well  ask  what  other  large  land  animals  existed,  for  the  destruction 
of  which  such  a machinery  was  necessary  ; and  w’hy  should  it  have 
been  necessary,  except  to  keep  wdthin  bounds  the  numlx'rs  of  lai^ 
vegetable  feeders  i 

Tlie  seas  that  surroiuided  these  lauds  likewise  swanned  with  reptile 
life,  the  two  most  remarkable  forms  being  the  Ichthyosaurus  and  the 
Plesiosaurus.  These  doubtless  preyed  on  the  Fish  and  Cephalopods, 
their  fellow’  inhabitants  of  the  deep. 

The  Ichthyosaurus,  figures  of  whose  skeleton  will  be  found  in  almost 
all  manuals  and  many  other  geological  w’orks,  resembled,  as  his  name 
denotes,  a fish  in  form,  while  he  retained  the  essential  characters  of  a 
saurian  reptile.  As  the  w'hales  are  mammals  adajded  for  sea  life  by  their 
external  form,  with  their  legs  and  feet  shnmk  into  paddles,  and  their  tails 
sjiread  into  candid  fins,  so  the  Ichthyosaurus  had  a caudal  fin  (idtliough 
vertical  instead  of  horizontal  like  the  whale’s)  and  his  extremities  con- 
tracted into  j)addle.s,  and  enclosed  in  a continuous  skin,  like  a mitten,  or 

* Tlio  cast  of  the  inside  of  n givat  thigh-bone  of  this  reptile,  exhibiting  the  exact  form 
and  ramiUcations  of  the  marrow, 'is  ]>r<!8en'ed  in  the  Oxford  Museum.  It  came,  however, 
from  the  Wealden  beds. — (Ducklan<T8  BridgtunUcr  TrtaUie,  p.  229,  3d  Edition.) 
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glove  without  fingers.  His  neck  was  shrunk,  so  that  his  long  sharp  head 
projected  immediately  in  front  of  the  thickest  jmil:  of  the  trunk,  his  eyes 
were  very  large,  protected  hy  a cii’cle  of  hoiiy  plates,  and  diiectly  under 
them  was  the  gai^ii  of  a huge  mouth,  anned  with  long  rows  of  conical 
sharj)ly-pointed  teeth,  fresh  ones  to  supply  the  place  of  those  broken  or 
worn  out  being  ever  ready  to  spring  from  the  jaws,  which  were  made 
of  numerous  bones  “ fished”  together,  so  as  to  imite  elasticity  and 
strength.  His  form  must  have  been  something  like  that  of  a grampus, 
only  more  lithe  and  slender,  wdiile  his  fish-like  vertebra)  and  tail  must 
have  given  at  once  power  and  velocity  to  his  motions  in  the  waters,  of 
which  he  must  have  reigned  apparently  the  unopposable  king.  Speci- 
mens are  known  in  which  the  orbit  of  the  eye  is  fourteen  inches  across, 
the  length  of  the  jaw  six  feet,  and  the  vertebite  so  large  that  they  must 
have  belonged  to  individuals  thirty  feet  in  lengtli.  Owen  says  that  he 
knows  thirty  species  of  Ichthyosaurus. — {Owen's  Paloiontoloyy) 

Tlie  Plesiosaurus,  which,  as  its  mmie  denotes,  is  more  like  a sauiian 
and  less  like  a fish  than  the  preceding  one,  had  a smaller  body  but  a 
much  longer  neck  than  it,  the  neck  having  no  fewer  than  thirty-three 
vertebra),  or  ten  more  than  the  swan.  The  ]>addles  are  longer  and  nar- 
rower than  those  of  the  Ichthyosaurus,  though  resembling  them  in 
general  stiaicture.  The  tail  is  as  much  shorter  as  the  neck  is  longer 
than  those  of  the  Ichthyosaurus.  It  probably  basked  in  the  sea-weeds 
near  shore,  and  darted  with  its  long  neck  upon  its  prey,  the  head  being 
cc>mpai'atively  small,  brit  well-aimed  with  strong  teeth.  Tliere  are 
twenty  species  known  to  Owen. — {Owen's  PaleKontology)  The  speci- 
men in  the  possession  of  the  Royal  Zoological  Society  of  Dublin — a 
very  fine  one,  though  not  quite  perfect — is  twenty-three  feet  in  length. 

There  are  in  the  Lias  regular  beds  of  the  Coix>lites  or  fossil  dung  of 
these  two  animals,  shewing  the  form  of  the  intestinal  canal,  and  often 
containing  fragments  of  half-digested  fish  scales,  or  bones  ; proving 
both  how  numerous  they  must  have  l>een  and  what  great  lengths  of 
time  must  have  occasionally  elapsed  without  any  deposition  on  the  bed 
i)f  the  sea  except  that  having  an  organic  origin. 

Tliere  is  a sub-genus  of  Plesiosaunu*,  callc*d  Pliosaimis,  with  subtri- 
hedral  and  thicker  teeth,  and  more  compressed  and  Hatter  conical 
vertebne,  which  have  only  been  found  in  the  Kimmeridge  clay.  They 
seem  also  to  have  been  thirty  or  forty  feet  long. 

Tliere  are  also  remains  of  reptiles  called  Teleosaunis,  resembling 
the  slender-jawed  “ gavial”  of  the  Ganges  and  other  CVococlilian  reptiles 
linng  in  the  earlier  part  of  the  Oolitic  perioil,  and  Chelonian  (Turtles 
and  Tortoises)  certainly  before  its  close. 

Perhaps,  however,  the  most  striking  of  all  the  forms  of  aniiiud  life 
which  now  existed  were  the  Pterodactylia  or  Fhing  Liziird.s,  which  fonned 
the  same  extermd  and  apparent  link  between  the  Reptiles  and  the 
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Birds,  that  the  Cheiroptera  (or  Bats)  form  between  the  Birds  and  the 
Mammals.  The  Pterodactyles  were  true  Saurians,  with  long  jaws  and 
sharp  teeth,  and  witli  four  legs  and  claw^s,  but  having  the  fifth  digit  of 
each  forepaw  enonnou.sly  elongated,  so  as  to  admit  of  the  attachment 
of  a large  web  of  skin  stretching  from  it  to  the  hind  leg,  and  thus  make 
a kind  of  wing,  and  give  the  animaks  the  power  of  flitting  through 
the  air.  Tliey  may  also  have  been  able  to  swum,  iis  well  Jis  to  fly. 
There  w'ere  several  sj>ecies  during  the  Oolitic  Period,  none  of  which, 
how'ever,  seem  to  have  exceeded  a cormorant  in  size,  though  others 
much  larger  appeared  subsequently. 

Tlie  Mammalian  remains  found  in  the  rocks  of  the  Oolitic  scrie.s, 
although  they  are  very  rare,  are  equally  interesting  w'ith  those 
of  i\‘ptile.s.  Most  of  them  seem  to  have  been  small  carnivorous  or 
insectivorous  Marsupials,  like  the  Tliylacinus  or  Mynnecobius  of  Aus- 
tralia at  the  present  day.  Tlie  Stereognathus  of  the  Stoiiesfield  slate, 
however,  may,  accoiding  to  Owen,  have  been  a placental  mammal, 
possibly  hoofed  and  herbivorous. — {Owen's  Palaontolof^y) 

The  a.sseuil)lage  of  these  Marsupial  mammals  with  sj>ecies  of  fish 
like  the  Cestracion  or  Port  Jackson  shark,  species  of  Trigoniie  and 
Terebratiila;,  so  like  those  on  the  shores  of  Australia,  and  species  of 
plants  so  closely  re.sembling  the  Australian  Zamia,  Cycas,  and  Arau- 
caria, seems  to  point  to  a curious  analogy  betw^ccn  the  flora  and  fauna  of 
Eiu’ope  and  other  ]xarts  of  the  world  during  the  Oolitic  Period,  and 
those  which  now  flourish  in  Australia.  Is  Australia  the  last  home  of 
a peculiar  tyj)e  of  vegetable  and  animal  life  wdiich  once  w^as  common 
fi)  the  whole  world,  but  has  been  elsewdiere  superseded  by  new  types  ? 
This  is  but  one  of  many  equally  interasting  questions  to  wdiich  future 
generations  of  geologists  may  perhaps  be  able  to  give  satisfactory* 
answers. 

Tlie  teirible  gap  in  the  series  of  our  geological  reconls  between  the 
Carboniferous  and  Oolitic  Periods,  wdiich  is  so  imperfectly  filled  by 
w'hat  is  yet  know'ii  of  the  Permian  and  Triassic  deposits,  prepares  us 
for  the  statement  that  no  species  passes  from  the  preceding  periods  into 
the  Oolitic,  and  that  even  in  the  genera  the  contrast  is  greater  than 
the  resemblance. 

Extinction  of  Life  during  the  Period. — ^The  genera,  then,  w’hicli 
survived  from  earlier  periods  and  became  extinct  during  the  Oolitic,  are 
necessarily  few,  for  many  of  tho.se  which  are  common  to  them  have 
survived  to  still  later  peiiwls,  or  till  our  owm  time.  Tlie  follow*ing  are 
all  that  can  be  included  among  genera  of  earlier  date  now  dydng  out : — 

Plants^  Calamites,*  Cyclopteris,  Hymenophyllites,  Otopteris,  Pecop- 
teris,  Sphenopteris. 

• Accortling  to  Sir  C.  Buubury,  tho  C.  Beanil  of  Scarborough  is  a true  Calamlte. 
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Drachi&poday  Leptona,  Spirifera — (neither  seem  to  have  survived  the 
early  part  of  the  jieriod,  that  in  which  the  Lias  was  deposited). 
Conchiferay  Posidonomya,*  Cardinia. 

Fishy  Nemacanthus, 

The  nmnerous  genera  marked  \vith  an  asterisk  at  p.  594  shew  that 
while  the  Oolitic  Period  was  fertile  in  the  production  of  new  generic 
forms,  there  were  also  many  consumed  during  its  lapse,  and  d}ing  out 
from  time  to  time  so  as  not  to  survive  its  close. 

This  is  true  also  of  the  s|)ecie8  to  an  equal  extent,  so  that,  with  the 
marked  exception  of  the  large  reptile  Megalosaurus  Bucklandi  and  one 
or  two  others,  no  species  living  during  the  Oolitic  Period  is  known  in 
any  later  deposit 

One  reason  for  this  is  doubtless  that  a great  gap  in  the  marine 
depositions  occurs  at  the  close  of  the  Oolitic  Period,  which  in  western 
Europe  endetl,  as  the  Cretaceous  Period  commenced,  with  a series  of 
fresh-w’ater  deposits. 

* It  is  probable  that  the  fossila  called  Poaidonomya  in  the  Oolitic  rocks  are  in  reality 
Crustacea. — {Catts  of  Esfhcria.) 


CHAPTER  XXXIV. 


CRETACEOUS  PERIOD. 

The  Cretaceous  Period  is  so  Ciilled  from  the  Chalk  (in  Latin,  creta) 
which  was  formed  during  a part  of  this  time  over  a large  area  now 
occupied  by  the  European  quarter  of  the  globe. 

We  have  just  seen  that  the  la.st  deposit  that  took  place  in  the 
British  area  during  what  has  been  called  tlie  Oolitic  Period  was  of 
fresh- water  origin.  The  first  deposits  of  the  Cretaceous  Period  within 
that  area,  according  to  the  grouping  adopted  by  Sir  C.  Lyell,  were  in 
like  manner  fresh-\vater  deposits.  Professor  Phillips  groups  all  these 
fresh-water  deposits  together,  and  includes  them  in  the  Oolitic  series. 
Perhaps  the  best  way  would  be  to  interix)late  another  distinct  peri«xl, 
between  those  called  Oolitic  and  Cretaceous,  and  to  include  in  it  the 
Purbeck,  the  Wealden,  and  the  Lower  Greensand  depc)sits  ; but  this  has 
not  yet  been  attempted,  and  it  might  possibly  be  attended  with  as 
many  difficulties  as  the  i)resent  classification. 


Typical  Rock  Groups. 

On  both  petrological  and  paleontological  grounds  it  is  advisable  to 
separate  the  rocks  fonned  during  this  perioil  into  two  large  groups,  a 


Lower  and  an 

Upper.  They  may  then  be  tabulated  as  follows 

• 

F«*t. 

8.  Maestricht  and  Faxoe  beds,  Pisolitic  chalk 

100 

7.  "WHiite  chalk,  with  flints  .... 

500 

Upper 

6.  White  chalk,  without  flints 

600 

Cretaceous. 

5.  Chalk  marl  ...... 

100 

4.  Uj)per  greensand  * . 

100 

3.  Gaidt  ....... 

150 

Lower 

' 2.  Lower  greensand  ..... 

850 

Cretaceous. 

1.  Wealden  beds ...... 

1300 

Tlie  groups  6 and  7,  forming  together  the  true  Chalk,  are  the  most 
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important  and  persistent  members  of  the  series  in  Britain.  ’ They  sprejul 
in  one  unbroken  range  of  high  swelling  dowms  across  England  from 
Dorchester  to  the  coast  of  Norfolk,  where  they  are  broken  through  by 
the  broad  estuary  of  the  Wash  ; they  re-appear  again  in  Lincolnshire, 
stretching  from  the  Wash  to  the  Humber,  and  again  in  Yorkshire,  where 
they  rise  into  the  liills  called  the  Yorksliire  Wolds,  and  terminate  in 
the  white  cliffs  of  Flamborough  Head. 

In  Wiltshire  and  Hampshire  this  ridge  is  expanded  into  the  wide 
undulating  upland  called  Salisbury  Plain,  from  which  the  chalk  spreads 
towards  the  east  until  it  separates  into  two  distinct  east  and  west  ridges, 
one  called  the  South  Do^\^ls  running  north  of  Brighton  and  terminating 
in  Beiichy  Head,  the  other  called  the  North  Downs  running  by  Guild- 
ford and  Rochester  to  Dover  and  the  North  and  South  Forelands. 

Another  ridge  parallel  to  these  starts  from  Dorchester  to  PurWck 
Hill,  and  traverses  the  Isle  of  Wight  from  the  Needles  to  Culver  Cliffs. 

Large  outlying  patches  of  Chalk  occur  to  the  west  of  Dorchester, 
the  most  westerly  being  the  one  at  Sitbuonth. 

It  is  m the  south  of  England  only  that  the  group  called  No.  1,  The 
Wealden  bedsj  is  to  be  found,  chiefly  in  the  country  between  the  two 
ridges  just  spoken  of  as  the  North  and  South  Downs,  or  to  the  south- 
ward of  that  which  runs  through  Purbeck  and  the  Isle  of  Wight. 

The  following  fig.,  No.  1 20,  represents  a section  through  j)art  of  the 
west  coast  of  the  Isle  of  Wight,  where  the  Cretaceous  series  and  some  of 
the  beds  above  them  may  all  be  seen  in  the  space  of  about  a mile. 


ti 


Fig.  120. 

Section  through  Shalcombe  Down,  on  the  west  coast  of  the  Isle  of  Wight. 

Feet. 


h.  London  clay  Ixertiarv  rocks. 
Plastic  clay  1 

/.  Chalk  with  flints  .... 

e.  Clislk  without  flints 

d.  U pper  Greensand  . . . • 

c.  Gault 

/).  Lower  Greensand  .... 
a.  Wealden  beds,  exposed  to  a depth  of 


600 

1000 

100 

120 

800 

400 


Tins  section  is  reduced  from  sheet  47  of  the  Hor.  Sec.  of  the  G.  S., 

<lrawn  bv  Mr.  Bristow. 
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A similar  section  by  the  same  gentleman  is  given  in  sheet  56,  in  a 
line  running  through  Ihirbeck  Hill,  in  which  the  total  thickness  of  the 
chalk  is  1400  feet,  and  that  of  the  Wealden  beds  also  1400  feet,  the 
PurWck  beds  below  them  shewing  196  feet. — (See  also  the  margin  of 
Professor  Ramsafs  Map  of  En^leind  and  Wales.) 

The  Lower  Cretaceous  Hocks  consist  of  the  Wealden  beds  and 
the  Lower  Greensand. 

1.  The  Wealden  beds,  so  calltnl  from  their  now  forming  a district 
known  as  the  Weald  of  Kent  and  Sussex,  consist  of  a great  seiiea 
of  sandstones  and  shales,  with  a few  beds  of  limestone  and  ironstone 
occasionally.  Tliey  are  often  full  of  laige  fragments  of  drift  wood, 
and  of  the  remains  of  frt‘sh-water  shells,  and  of  some  fresh-water  and 
some  land  animals  (reptiles).  In  general  appearance  the  Wealden  rocks 
not  unfrequently  resemble  some  of  the  Coal-measures  of  the  true 
Carboniferous  Period. 

Tliese  beds  look  like  a fossil  delta  formed  at  the  mouth  of  some 
great  river,  which  brought  down  the  sweepings  of  a great  tract  of  diy’ 
land  to  the  area  lying  between  Purbeck  and  Boulogne. 

The  Wealden  rocks  are  commonly  divided  into  two  groups — , 

Feet. 

b.  Tlie  Weald  clay  .....  280 

a.  The  Hastings  sand  ....  1000 

These  distinctions,  however,  seem  hardly  to  be  carried  out  by  any 
precise  line  of  deinarc^ition.  The  lower  beds  are  more  arenaceous,  and 
tlic  uj)i>er  more  argillaceous  ; but  great  beds  of  clay  occur  interstratified 
with  tlie  Hastings  sands,  and  beds  of  sand  \rith  tlie  Weald  clay.  It  is 
probable  that  the.se  beds  change  their  character  laterally  a.s  well  as 
vertiailly,  great  banks  of  sand  and  large  deposits  of  mud  ha\dng  been 
formed  side  by  side.  The  sandstones  are  sometimes  impregnate<l  v\dth 
carbonate  of  lime,  so  as  to  become  calcareou-s  gi'its,  and  sniiill  beds  of 
limestone  (fonning  Petworth  or  Sti-ssex  marble),  chiefly  consisting  of 
fresh-M'ater  snail  shells  (Paludina)  occur  here  and  there  in  the  clay. 
Local  names  were  given  by  Dr.  Mantell  to  the  different  parts  of  the 
Wealden  series  in  different  places,  as  Ashbumham  beds.  Worth  sands, 
TUgatc  bed.s,  Horsham  beds,  etc.,  the  Ashbumham  beds  being  the 
lowe.st  of  the  series. 

Mr.  Drew,  of  the  Geological  Survey,  has  lately  described  {Q.  J.  Geol. 
Soc.,  vol.  xvii.)  \\ith  more  precision  the  upi)er  part  of  the  fonuation  as 
it  exi.sts  around  Tunbridge  Wells.  His  classification  is  as  follows  : — 

Feet. 

4.  Weald  clay,  with  .some  beds  of  stone,  10  feet  thick 
near  Horsham  and  hence  called  Horsham  stone,  lying 
about  120  feet  above  the  base  of  the  clay  . . 600 


1“ 
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Feet. 

3.  Tunbridge  Wells  sand,  with  a bed  of  clay  called  Grinsted 
clay,  50  feet  thick,  coming  in  towards  the  west  between 
the  Upper  sand  above  and  the  Rock  sand  below  . 200 

2.  Wadhurst  clay,  with  one  or  two  little  beds  of  sand,  a 
shelly  limestone  formed  of  Cyrena,  and  a band  of  clay 
ironstone,  once  largely  used  for  iron  ore  . . .100 

1.  AshdovsTi  sand,  like  the  Tunbridge  Wells  sand,  and  con- 
taining subortlinate  beds  of  clay  and  ironstone  ; base 
not  seen,  but  having  a thickness  of  upwards  of  . 250 


Characteristic  Fossils  of  the  Wcalden  Beds, 


Clathraria  Lyellii 
Endogenites  erosa  . 
E(piisetum  Lyellii  . 
Lonchopteris  Msintellii 
Sphenoptcris  gracilis 
Thu}i;es  Kurrionus 


Plants. 

MantcU’s  Meds.,  ch.  vi. 
Foss.  gr.  34,  a. 
Mantell’s  Meds.,  fig.  12. 
Geol.  Tr.  vol.  i.,  2d  ser. 
Ly.  Man.,  fig.  312. 
Mantell’s  Medf?.,  fig.  62. 


Cyrena  major 
Cyrena  media 
Mytilus  Lyellii 
Unio  Valden.sis 
Unio  Montellii 


Conchifera. 

. Geol.  Tr.  vol.  iv.,  2d  ser. 

. Foss.  gr.  34,  h. 

. Geol.  Tr.  vol.  iv.,  2d  ser. 

. Tab.  V.  and  Ly.  Man.  fig.  309. 
. Foss.  gr.  34,  c. 


Gasteropoda. 


Cerithium  carbonarium. 
Melanopsis  tricarinata 
Neritina  Fittoni 
Paludiua  fluWonim . 

— - Sussexiensis 


Geol.  Tr.  vol.  iv.,  2d  ser. 
Ibid. 

Foss.  gr.  34,  d. 

Tab.  View. 


Crustacea. 


C}*pridea  Valdensis . 
Estheria  membranacea 


Foss.  gr.  34,  « (magnified). 
Sow.  M.  C.,  527. 


Fish. 

Gyrodus  Mantellii  . . 1 

Lepidotus  Fittoni  . . > Agassiz. 

Pycnodus  Mantellii  . j 
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Cetiosaurus  brevis  . 
Chelone  Bellii 
t Hyleeosaurus  Owenii 


Reptiles. 

Mantell’s  TiL  foss.,*  t 9. 
Mantell’s  Meds.,  fig.  240. 
Mantell’s  Wond.,*  7 th  ed. 


a.  Endogcnites  crosn. 

b.  Cyrcna  media. 

c.  Unlo  Mantellii. 

Iguanodon  Mautellii 
Ptcrodactylus  Cliftii 
Streptospondylus  major  . 
Tretostenion  Bakevellii  . 


(l.  Paladina  flnvionim. 
e.  Cj'pridea  Valdcnais. 
/.  IguoQodou  Uantellii 

ManteU’s  Meds.,  ch.  xvii. 

Ibid.  Til.  foss. 

Ow.  Brit.  Ass.  Rep. 

Mairtell’s  Meds.,  fig.  241. 


Fossil  Group  No.  34. 
Wealden  Fosjjils. 


Palaiomis  Cliftii. 


Birds. 


• Dr.  Mantell’s  Tilgato  Fossils,  and  Wonders  of  Gcologj-. 
t 8co  also  Owen’s  Paheontology,  and  Buckland's  Bridgewater  Treatise. 
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2.  The  Lower  Oreeneand  is  best  seen  at  Atherfield  and  other  places 
in  the  Isle  of  Wight,  and  at  Ilythe  and  other  imrts  of  the  coast  of 
Kent.  It  there  consists  of  alternations  of  sands,  fsandstones,  and  clays, 
with  occasional  calcareous  bands.  Tlie  calcareous  sand.stones  sometimes 
form  hard  bands,  known  as  Kentish  Rag ; the  clays  are  sometimes 
excellent  fullers’  earth,  60  feet  in  thickness,  and  are  most  abundant  in 
the  low'er  part  of  the  fonnation,  the  upper  being  almost  entirely  sands. 
Tlie  general  colour  is  dark  browm,  sometimes  red,  and  the  siinds  are 
often  bound  together  by  an  abundance  of  oxide  of  ii*on,  from  which  the 
formation  was  formerly  called  Iron  Stmd.  It  hii.s  also  been  called 
Shanklin  Sand  from  a place  in  the  Isle  of  Wight.  It  derives  its  name 
of  Green.sand  from  the  occurrence  of  a number  of  little  dark  green 
si)ecks  (silicate  of  iron)  -svhich  are  sometimes  so  abundant  as  to  give  a 
greenish  tinge  to  some  of  the  beds  ; but  the  term  “ green  ” is  generally 
(juite  inapplicable  as  a description^  though  it  still  remains  as  a com- 
monly received  name.  The  w’hole  formation  in  Britain  is  very  various 
in  character.  Its  maximum  thickness  is  843  feet. 

The  beds  immediately  above  the  Wcalden  shew’  sometimes  a sort 
of  passage  lithologically,  as  if  partly  made  up  of  those  below,  while  the 
fossils  are  quite  distinct,  being  entirely  marine.  It  appears  that  a de- 
pression had  taken  place  and  allow^ed  the  sea  to  flow  over  the  area 
which  ha<l  been  previously  covered  with  fresh  w^ater.  The  change  may 
thus  be  one  of  conditions  rather  than  one  of  great  lap.s<^  of  time — a 
supposition  strengthened  by  the  fact  of  the  bones  of  the  Iguanodon 
Mantellii  being  foimd  in  the  Lower  Greensand,  shewing  that  the  great 
reptile  still  lived  on  some  neighbouring  land,  and  that  an  occasional 


carcass  of  it  was  swei)t  out  to  sea. 


Characteristic  Fossils  of  the  Lower  Greensand. 


Plants. 


Abietites  Benstedi 


Q.  J.  G.  S.,  voL  ii. 


Actinozoa. 


Holocystis  elegans 


Foss.  gr.  35,  a. 


Brachiopoda. 


RhjTichonella  Gibbsii 
Terebratula  sella 


Foss.  gr.  35,  h. 
Foss.  gi*.  35,  c. 


Conchifera. 


Astarte  Beaumontii. 
Canlium  spheeroidium  . 
Cucullaea  costellata 


Q.  J.  G.  S.,  vol.  i. 
Sow.  M.  C.,  447. 
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Cythenea  parva 
Exogyra  sinuata  . 
Gervillia  anceps  . 
Mvacites  niandibula 


Sow.  M.  C.  518. 
Foss.  gr.  35,  d. 
Foss.  gr.  35,  e. 
Sow.  M.  C.  43. 


Fossil  Group  No.  35. 
Lower  Greensand  Fossils. 


a.  Ilolocystis  elcgans. 

b.  Uhyiiohonelln  GibbsiL 

c.  Tercbratula  sella. 

d.  Exogyra  sinuata. 


e.  Gervillia  anceps. 

/.  8pha:ra  cormgata. 
g.  Ancyloceras  gigas. 


Penia  Mulleti 

Retpiienia  (Diceras)  Lonsdaleii 
Splia3ra  corrugata 
Tlietis  minor 
Trigoiiia  daxlalia  . 

caudata 


Tab.  V.  and  Ly.  Man.,  fig.  296. 
Tab.  View. 

Foss.  gr.  35,/. 

Tab.  View. 

Sow.  M.  C.  88. 

Tab.  V.  and  Phil.  Man.,  fig.  286. 


Gasteropoda. 

Pleurotomaria  gigantea  . . . GeoL  Tr.  vol.  iv.,  2d  per. 

Pteroceras  Fittoni  ....  Tab.  View. 
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Cephalopoda. 

Ammonites  Martini 
Ancyloceras  (Scaphites)  gigas  . 
Belemnites  dilatatus 
Crioceras  Duvalii. 

Nautilus  plicatus  .... 


Tab.  View. 

Foss.  gr.  35,  g. 

Mantell’s  Med.,  fig.  141. 

Tab.  View. 


Cardiaster  Benstedi 
Ilemipneustcs  Fittoni 
Salenia  punctata  . 


Echimdermata. 


M.  G.  S.,  Dec.  4. 

Jhul. 

Tab.  View. 


Crustacea. 


Meyeria  Vectensis  . 


Protemys  seirata 


. . Mantell’s  Wonders, 

tig.  73. 

Reptiles. 

Owen.  Br.  Foss.  Kept. 


The  Upper  Cretaceous  Rocks. 

3.  Gault. — Tliis  is  a stiff  dark  gray,  blue,  or  brown  clay,  often 
used  for  brick-making.  It  can  be  seen  very  well  at  Cambridge  and  at 
Folkestone,  and  at  various  places  below  the  escarpments  of  the  North 
and  South  Downs  in  the  Wealden  distiict,  as  in  the  neighbourhood  of 
Reigate  for  instance.  It  is  not  known  anywhere  to  the  north  of 
Cambridgeshire,  unless  it  forms  part  of  the  Speeton  clay  of  Yorkshire. 
The  fossils  in  it  are  often  beautifully  preserved,  as  in  other  similar 
cla}'B,  having  been  well  packed  and  protected  from  atmospheric  or 
other  influences. 


Characteristic  Fossils  of  the  Gault. 
Foraminifera. 

Rotalina  caracolla 


Cyathina  Bowerbankii 
Cyclocyathus  Fittoni  . 
Trochocyathus  conulus 
Trochosmilia  sulcata  . 

Iiioceramus  concentricus 
sulcatus 


Actinozoa. 

. . Br.  Foss.  Cor. 

. . Tab.  View. 

. . Foss.  gr.  36,  a. 

. . Br.  Foss.  Cor. 

Conchifera. 

. . Tab.  View. 

Foss.  gr.  36,  h. 
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Nucula  pectinata  . , . Tab.  View. 

Plicatula  j)ectinoidea  . . . Foss.  gr.  36,  c. 


Fossil  Group  No.  3rt. 


n.  Trochocyathus  conulus. 
h.  Inoccranms  sulcatus. 
c.  Plicatula  i>cctinoi<le3. 
il.  Rostellaria  carinato. 


Oault  Fossils. 

e.  Scalaria  Gaultina. 

/.  Bellerophina  minuta. 

g.  Ammonites  splcndens. 

h.  Homites  attenuatus. 


Gasteropoda. 

Dentaliimi  ellipticum . 

Natica  Gaultina 
Rostellaria  carinata 
Scalaria  Gaultina 
Solarium  conoideum  . 


Tab.  View. 
Tab.  View. 
Fo.ss.  gr.  36,  d. 
Foss.  gr.  36,  e. 
Tab.  View. 


Pteropoda. 


Bellerophina  minuta  . 


Foss.  gr.  36,/. 
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Cephalopoda. 


Ammonites  dentatus  . 

lautus 

interruptus 

splendeiis 

- — varicosus 

Belem nites  minimus  . 

Hamites  intermedins  . 

• ■■  ■ ■ spiniger 

Helicoceras  (Hamites)  rotundus 


. Tab.  View. 

Tab.  View. 

Tab.  View. 

. Foss.  gr.  36,  y. 

. Tab.  View. 

. Tab.  View. 

Foss.  gi'.  36,  h. 

. Ly.  Man.,  fig.  291. 

Tab.  View. 


Hemiaster  Bailj’i 
Pcutacrinus  Fittoni 


Echinodermata. 


M.  G.  S.,  Dec.  5. 
GeoL  Tr.,  vol.  iv. 


Amielida. 

Serpula  articulata  . . . Sow.  M.  C.,  599. 

Crustacea. 

Notopocorystes  Bccbci. 

Stokesii  . . Tab.  V.,  and  Mant.  Med., 

fig.  168. 


4.  Upper  GREENSiVND. — This  set  of  beds  often  resembles  the  Lower 
Greensand  in  lithological  character,  but  the  same  caution  is  to  be  used 
in  taking  its  designation  for  a naiiu  only  and  not  for  a description^  as  the 
sands  aie  by  no  means  always  green,  and  other  sands,  especially  some 
Tertiary  sands,  are  to  be  found  quite  as  green,  or  greener,  than  those 
which  have  received  the  name  of  Greensand.  Beds  and  concretionar)’ 
masses  of  calcareous  giit  occur  in  it,  sometimes  called  Firestone,  some- 
times Malm  rock.  Concretions,  i)robably  coprtditic,  containing  phos- 
phate of  lime,  also  occur,  and  are  valuable  to  the  agriculturist.  It  has 
been  surmised  that  the  Uj)per  Greensjind  may  be  in  part  a shore 
dejKJsit,  and  therefore  contemporaneous  Tsnth,  rather  than  preceding, 
the  lowest  beds  of  the  chalk,  but  wherever  the  two  are  together,  we 
always  find  the  Upper  Greensand  underneath  the  Chalk  Marl.  In 
Cambridgeshire  the  Upper  Greensand  is  often  not  more  than  three  feet 
thick,  but  it  thickens  towaixls  the  west  tmd  south,  and  in  Wiltshire 
and  the  Isle  of  Wight  is  over  1 00  feet. 


Characteristic  Fossils  of  the  Upper  Greensand. 


Spongidce. 

ClienendoiK)ra  fungiformis  . 
Siphonia  pyrifomiis 
Verticillites  anastomosans 


Foss.  gr.  37,  a. 

Tab.  V.  and  Ly.  Man.,  286. 
Mont.  Med.,  fig.  70. 
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Actinozoa, 

Micrabacia  coronula 
ParoRtreca  stricta 

Brachio]}oda 

RhjTiclionella  latissima  . 
Terebratella  pectita 
Terebratiila  bipbcata 
Trigonoseiuus  lyra 


Foss.  gr.  37,  h. 
Br.  Foss.  Cor. 


Dav.  Cr.  Brach. 
Tab.  Vieiv*. 

Foss.  gr.  37,  d, 

Ly.  Man.,  fig.  289. 


Fossil  Group  No.  37. 

Upper  Qroonsand  Fo&sils. 

o.  Chenendopora  fnuRifonuis.  e.  Kxogyra  cohinilM. 

h.  Micrabacia  coronula.  /.  Poctunculus  subla'vis. 

c Echinus  granulosus.  , g.  Ainraonites  auritus. 

d.  Terebratula  bipllcata. 


Conchifera.  * 

Area  carinata  .... 
Cardium  Hillanum 
Cucullaea  fibrosa 
Exogyra  columba 


Sow.  M.  C.,  44. 
Tal).  View. 

Tab  View. 

Foss.  gr.  37,  e. 


* Some  new  species  of  Conchifera  and  EebinodermaU  have  lately  been  described  by  Hr. 
Harry  Seeley,  from  the  Upper  Greensand  near  Cambridge. 
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Gr}'phaea  vesiculosa 

* » « • 

Sow.  M.  C.,  369. 

Pecten  quinquecostatus 

• « « 

Tab.  View. 

Pectunculus  subhems 

• ♦ ♦ • 

Foss.  gr.  37,/. 

Tlietis  major 

• • • • 

Sow.  RL  S.,  513. 

Trigonia  daxlalia  ' . 

• • • • 

Gasterojxida. 

Tab.  View. 

Actseon  affinis 

• • • • 

Tab.  View. 

Natica  Gentii 

• • • • 

Sow.  M.  C.  54. 

Turritella  granulata 

• • • ♦ 

Cephalopoda. 

Tab.  View. 

Ammonites  auritus 

• • « • 

Foss.  gr.  37,  g. 

rostratus 

• • ■ • 

Sow.  M.  C.,  173. 

Ech  inoderjnata. 

Catopygus  carinatus 

M.  G.  S.,  Dec.  1. 

Diadema  Bennettim 

Ihid.,  Dec.  5. 

Discoidea  subuculus 

Ihid.y  Dec.  1. 

Ecliinus  granulosus 

Foss.  gi'.  37,  c. 

Salenia  personata 

Aii'nelida. 

Tab.  View, 

Yermicularia  concava 

• • « « 

Reptiles. 

Tab,  View. 

Professor  Sedgwick  at  the  meeting  of  the  British  Association  at 
Oxford  gave  an  account  of  the  wonderful  reptilian  remains  that  had 
heen  lately  discovered  in  the  little  seam  of  the  Upper  Greensand  at 
Cambridge,  and  of  their  determination,  by  Professor  Owen,  Tlierc 
were  remains  of  Dinosaurians  analogous  to  the  Igiuinodon,  of  Teleosaurus, 
Ichthyosaurus,  2 or  3 ; Plesiosaurus,  6 or  8 ; Polyptichodon  ; and 
5 specimens  of  Pterodactyle,  varying  in  size  fit)m  that  of  a pigeon  or 
Madagascar  bat,  up  to  one  with  a spread  of  wing  25  feet  across. 
There  were  alsa  8 or  1 0 Turtles,  large  and  small. 

Birds. 

In  addition  to  these,  the  bones  of  two  species  of  birds  had  been 
discovered,  which  must  have  been  about  the  size  of  a pigeon. 

The  Chalk  Pbopee.  Over  the  beds  thus  described  extends  the 
great  formation  of  the  true  chalk,  the  subdivisions  of  w'hich  may  be 
thus  describtd  : — 

5.  Chalk  Marl.  The  top  of  the  Upper  Greensand  becomes  argil- 
laceous, and  passes  upwards  into  a pale  buff-coloured  marl  or  argillaceous 
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limestone,  sometimes  of  sufficient  consistency  to  be  used  as  a building 
stone.  This  in  its  higher  portion  begins  to  lose  the  argillaceous  charac- 
ter, and  gradually  passes  into  the  soft  white  pulvendent  limestone 
familiar  to  every  one  as  chalk. 

6.  White  Chalk  without  Flints.  This  is  a great  mas.s  of  soft 
and  often  pulverulent  limestone,  thick  bedded,  tlie  stratification  often 
obscure,  partly  from  the  obliteration  of  the  bedding  planes,  partly  from 
the  abundance  of  quadrangular  and  diagonal  joints,  the  surfaces  of  which 
are  often  weather-stained,  dirty  green,  or  yellow.  Nodular  balls  of 
iron  pyrites,  radiated  internally,  are  frequent  in  it,  and  produce  rusty 
stains  about  the  rock. 

7.  White  Chalk  with  Flints.  There  are  no  lithological  distinc- 
tions between  the  Lower  and  Upper  Chalk,  except  the  occurrence  in 
the  latter  of  rows  of  nodules  of  back  flint,  and  occasionallv  of  seams 
and  hiyers  of  the  san\e  substtince.  These  occur  either  along  the  planes 
of  stratification  or  parallel  to  them,  so  that  they  point  clearly  out  the 
original  bedding  of  the  rock. 

It  is  rare  to  find,  either  in  the  Upper  or  Lower  Chalk,  anything  but 
pure  limestone  or  pure  flint.  Little  pebbles,  however,  sometimes  occur 
in  it,  probably  carried  by  the  roots  of  plants  ; and  in  a cliff  a little  east 
of  Dieppe,  I once  observed  in  the  heiu*t  of  the  Upper  CTialk,  a little 
band,  about  8 inches  thick  and  20  feet  long,  of  brown  clay  or  marl, 
perfectly  interstratified  with  the  Clialk,  and  not,  as  it  seemed  to  me, 
connected  with  any  pit  holes,  by  which  it  could  have  been  swept  in 
from  the  surface.  Mr.  Goilwin  Austen  has  describetl  the  occiurence  of 
a large  boulder  of  granite,  apparently  of  Scandinavian  origin,  which 
was  found  in  the  Chalk  near  Croydon,  and  other  extraneous  fragments 
both  there  and  elsewhere. — {(},  J.  OeoL  Soc.y  vol.  xiv.) 

Although  the  Chalk  and  the  Carboniferous  Limestone  are  so  tliffe- 
rent  in  texture  and  induration,  there  is  yet  a ceiiain  resembhuice  in  the 
forms  of  the  country  they  produce.  Their  hills  have  equiilly  broad 
undulating  grassy  do\\ms,  the  escarpments  of  which  are  quite  smooth 
in  the  chalk,  while  they  are  notched  into  steps  in  the  mountain  lime- 
stone. Their  valleys  are  equally  marked  by  scaurs,  and  tors  and 
pinnacles,  as  any  one  may  see  by  comparing  the  forms  of  the  rocks  on 
the  sides  of  the  -v-alley  of  the  Seine  with  those  in  the  valleys  of  Derby- 
shire. Tlie  forms  are,  of  course,  bolder,  larger,  and  more  durable,  in 
the  latter  than  the  fonner. 

Characteristic  Fossils  of  the  Chalk. — These  are  very  numerous, 
certain  forms  being  found  more  or  less  common  throughout  the  Chalk, 
and  several  Ixiing  conmion  to  the  whole  Upper  Cretaceous  series,  from 
the  Gault  to  the  tipper  Clialk. 

It  appears  that  it  is  possible  to  select  two  lists  of  fossils,  one  set 
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l)eing  either  peculiar  to  the  lower  part  of  the  chalk,  or  most  ahuiulant 
in  it ; the  other  set  being  equally  confined  to,  or  most  common  in,  the 
upj)er  part  of  it.  It  appears,  however,  to  me,  to  be  the  best  for  the 
sake  of  reference,  to  unite  the  tw'o  lists  with  which  Mr.  Baily  has 
supplied  me,  appending  to  each  species  a U.  for  the  Upper  Chalk,  L. 
for  the  Lower  Chalk,  and  M.  for  the  CTialk  Marl. 


Fossil  Group  No.  38. 

Lower  Chalk  Fossils. 

o.  Ananchytos  snbglobosus.  t.  Ammonites  varians. 

h.  Rhymchonella  Cuvieri.  /.  Baculites  anccps. 

c.  Inocemmus  mytiloides.  g.  Scaphitcs  e<[ualiH. 

</.  Lima  Hoped.  h.  Turdlites  costatus. 


Spongido'. 

U.  Choanites  Kbnigi. 

U.  Ventriculites  decurrens 


U. 


Tab.  V.  and 
Mant.  Med.  fig.  7.*). 

Tab.  V.  and 
Ly.  Man.  fig.  284. 
Mant.  Med.  fig.  81. 


radiatus 
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Foraminifera. 

U.  Bulimina  obliqua. 

U.  Cristellaria  rotulata  ....  Mant.  Med.  fig.  109. 
U.  Dentalina  gracilis. 

U.  Rotolina  omata. 


Fossil  Group  No.  80. 


Upper  Clialk  Fossils. 


o.  Marsupites  omatus. 
h.  Goniostor  Parklnsoni. 

c.  Galcrites  albogalenis. 

d.  Micrastcr  coranguinuiu, 

e.  Crania  Ignaburgensis. 


/.  Terebratula  camea. ' 

g.  Inoceranms  Lamarckii. 

h.  Pecten  nitidus. 

{.  BelenmitcUa  mucronata. 


Actinozoa. 

U.  Ccclosmilia  laxa  . . . Brit.  Foss.  Cor. 

• L.  Stephanopliyllia  Bowerbankii  . Ibid. 

Polyzoa. 

U.  Heteropora  ciyptopora. 

U.  Lunulites  cretaceiLs  . . . Mant  Med.  cut  70,  fig.  1. 
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Brachiopoda. 


U.  Crania  Ignabergensia 

U. Paris! ensis  . 

U.  Magas  pumila 
L.  Rhynchouclla  Cuvieri 

U. octoplicata  . 

U.  Terebratula  cariiea 
U.  Terebratulina  striata 


Foss.  gr.  39,  e. 

Tab.  View. 

Tab.  V.  and  Ly.  Man.  266. 
Foss.  gr.  38,  h. 

Tab.  V.  and  Ly.  Man.  265. 
Foss.  gr.  39,/. 

Dav.  Bracb. 


Conchifera. 

U.  Exogyra  conica 
U.  Inoceranius  Brongniarti 

U. Lainarckii  . 

L. mytiloides  . 

L.  Lima  Hoperi 
L.  Ostrsea  frons 

U. vcsicularia  . 

L.  Pectcn  Beaveri 

U. nitidus 

L.  Plicatula  inflata 
L.  Pholadomya  decussata  . 

U.  Spondylus(Plagiostoma)spinosu8 


Sow.  M.  C.  605. 

Ihid.  441. 
Foss.  gr.  39,  g. 
Foss.  gr.  38,  <7. 
Foss.  gr.  38,  d. 
Sow.  M.  C.,  365 
Ly.  Man.  fig.  275. 
Ly.  Man.  fig.  270. 
Foss.  gr.  39,  k. 
Sow.  M.  C.  409. 
Phil.  G.  Y.  t 2. 
Tab.  View. 


Gasteropoda. 

L.  Avellana  cassis  . . . D’Orbigny. 

L.  Phorus  canaliculatus  . . Ibid. 

U.  Pleurotomaria  persi)ectiva  . Sow.  IkL  C.  428. 


Cephalopoda. 


L.  Ammonites  complanatns 

M.  Rothamagcnsis 

L.  varians 

L.  Baculites  anceps  . 

U.  Belemnitella  mucronata 

L.  plena  . 

L.  Hamites  simplex  . 

L.  Nautilus  elegans  . 

L.  Scaphites  equalis  . 

L.  Turrilites  costatus 


Sow.  M.  C.  94. 

Ly.  Man.  fig.  290. 
Foss.  gr.  38,  e. 

Foss.  gr.  38,  /. 

Foss.  gr.  39,  i. 
Sharpe,  Chalk  Moll.* 
D’Orbigny. 

Mant.  Med.  fig.  151. 
Foss.  gr.  38,  g. 

Foss.  gr.  38,  h. 


IJchinodermata. 

U.  Ananch}i«3  ovatua  . . Tab.  V.  and  Mant.  Med. 

fig.  104. 


* Chalk  MoUasca  by  D.  Sharpe,  Pal.  Soe. 

2 D 2 
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L.  Anancliytes  subglobosua 
U.  Bourgueticrinus  ellipticua  . 
U.  Cardiaster  granulosus  . 

U.  Cidaris  peromata 
L.  Discoidea  cyliudrica 
U.  Galerites  albogalcrua  . 

U.  Goniaster  Parkinsoni  . 

U.  Marsupites  omatus 
U.  Micraster  coranguinuni 
L.  Saleiiia  Austeni 


Fish. 

U.  Beiyx  Lewesiensis 
U.  Lanina  acuminata 
U.  Macropoma  Mantellii  . 

U.  Osmeroides  Lewesiensis 
U.  Qtodus  apjxjndiculatus 
L.  Ptycliodus  decurrens  . 

Reptiles. 

L.  Chelone  Bcnstcdi 
L.  Dolichosaunis  longicollus 
L.  Ichthyosaurus  cainpylodon  . 

U.  Mosasaurus  gracilis 
L.  Plesiosaurus  Bemardi 
L.  Polyptychodon  intenaiptus  . 

L.  Pterodactylus  Cuvieri 


Foss.  gr.  38,  a. 

Dix.  Foss.  Suss.* 
Tab.  View. 

Dix.  Foss.  Suss. 
Mem.  G.  S.,  Dec.  1. 
Foss.  gr.  39,  c. 
Foss.  gr.  39,  6. 
Foss.  gr.  39,  a- 
Foss.  gr.  39,  a. 

M.  G.  S.,  Dec.  5. 


Goldfuas. 


Mant  Med.,  fig.  169. 


Mantell’s  Wond.,  fig.  83. 
Dix.  Foss,  Suss. 
Mantell’s  Wond.,  fig.  80. 
Mantell’s  Wond.,  fig.  79. 
Dix.  Foss.  Sus.s. 

Ly.  Man.,  fig.  287. 


Mant.  Med.,  fig.  238. 
Dix.  Foss.  Suss. 

Ibid. 

Mant  Med.,  ch.  xvii. 
Dix.  Foss.  Suss. 

Ibid. 

. ' Ow.  Br.  Foss.  Rep. 


Annelida. 

L.  Serpula  amphisboona  . 

Crustacea. 

L.  Enoploclytia  Sussexiensis  . 


There  are  in  Britain  t no  beds  containing  chalk  fossils,  or  in  any 
way  belonging  to  the  chalk,  lying  above  the  true  clialk  with  flints. 

8.  Maastricht  or  Pisolitic  Chalk.  In  parts  of  the  North  of 
France,  however,  there  occur  curious  banks  of  a white  pisolitic  lime- 
stone, resting  apparently  in  hollows  of  the  chalk,  not  always  on  exactly 

* Dixon’s  Fos-sils  of  Sussex. 

t It  was  stated  at  the  meeting  of  the  British  Association  at  Oxford  tliat  near  Norwich 
beds  occurred  like  the  Macstricht  chalk.  It  was  also  said  that  a boring  had  been  put  down 
there  SOO  feet  In  the  Chalk  with  Hints,  without  piercing  through  into  the  Chalk  without  flints. 
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the  upper  portion  of  it,  and  being  therefore  apparently  slightly  uncon- 
fomiable  to  it  It  occurs  also  sometimes  on  the  same  level  as  the  lower 
beds  of  the  Tertiary  rocks  about  it.  The  fossils  are  rather  peculiar, 
but  some  of  them  are  true  Cretaceous,  wliile  none  I believe  are 
Tertiary  forms. 

Near  Mae.stricht,  in  Holland,  also,  the  chalk  with  flints  (No.  7)  is 
covered  by  a kind  of  chalky  rock  with  gray  flints,  over  which  are  S(;me 
loose  yellowish  limestones,  without  flints,  and  being  sometimes  almost 
made  up  of  fossils. 

Similar  beds,  containing  some  of  the  same  fossils,  occur  also  at 
Faxoe  in  Denmark. 

Characteristic  Fossils. — Together  wdth  several  tme  Cretaceous  fossils, 
such  as  Pecten  quadricostitus,  Belemnites  mucronatus,  Terebratiila 
caniea,  etc.,  these  beds  contain  species  of  the  genera  Voluta,  Fasciolaria, 
Cypnea,  Oliva,  Mitra,  Cerithium,  Fusus,  Trochus,  Patella,  Emai;ginula, 
etc.,  sevenil  of  W'hich  genera  are  elsewhere  found  in  Tertiary  rocks 
onlv. 

V 

In  the  beds  near  Maestricht,  the  head  of  a large  lacertilian  reptile 
w'as  formerly  discovered,  -which  received  the  name  of  Mosasaurus  Hof- 
luanni  (^ManteWs  Meds.,  fig.  227),  of  which  the  head  alone  Is  more  than 
three  feet  long. — {Owen's  Palceontolofjy^  p.  279.) 

Outli/iag  English  Deposits. — Tliere  are  some  outlying  deposits  in 
different  parts  of  England,  respecting  which  there  are  some  doubts  a.s 
to  their  exact  place  in  the  series. 

The  Speeton  Clay  of  Yorkshire  re.sts  upon  the  Coralline  Oolite,  with 
a very  thin  band  of  what  might  be  Kimmeridge  clay  at  the  bottom. 
Professor  K Forbes  believed  that  it  belonged  to  the  Lower  Greensand  ; 
Professor  Phillips  clas.ses  it  with  the  Gault  It  has  a set  of  fossils  i>ecu- 
liar  to  itself,  and  one,  Exogyra  minuta^  common  to  it  and  the  Lpwer 
Greensand.  If,  how^ever,  tliis  Sixjcton  clay  really  belongs  to  the  Lower 
Cretaceous  group,  it  forms  a marked  exception  to  the  otherwise  general 
fact  that  that  group  is  ab.sent  in  Yorkshire.  On  the  other  hand,  the 
Upper  Cretaceous  series,  commencing  there  wdth  the  Red  Chalk  band, 
overlaps  the  Speeton  chiy  uncon formably,  as  it  docs  all  the  lower  beds, 
concealing  in  one  part  even  the  whole  Oolitic  series  down  to  the  Lias. 

The  Greensands  of  Black  Dowui  in  Devonshire  include  a mixture  of 
fossils  which  elsewhere  are  confined  to  the  Lower  Green.sand,  the  Gault, 
and  the  Upper  Greensand. 

There  are  also  sands  and  gravels  near  Farringdon  in  Wiltshire,  in 
which  Lower  Greensand  fossils  are  mingled  with  others  belonging  to 
Upper  Cretaceous  rocks.  As  these  beds  are  not  covered  by  any  other 
rock,  Mr.  Daniel  Shari>e  sugge.‘»ted  the  possibility  of  their  being  gravel 
(drift,  or  shore  deposits)  of  a later  date  than  the  Ciialk  itself,  yet  belong- 
ing to  the  C'retaceous  Period,  and  that  the  fo.s,siLs  had  been  washed  out 
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of  the  different  beds.  They  are  considere<l,  however,  by  the  Geologi- 
cal Survey  to  belong  to  the  Lower  Greensand,  as  are  also  the  fresh-water 
iron  sands  capping  Shotover  Hill  near  Oxford,  though  it  is  possible  that 
these  may  belong  to  the  Wealden  beds. — (See  Mems.  Geol.  Survey  de~ 
^cripiion  of  sheet  13  ; a)vi  also  Prof.  Phillips  in  Q.  J.  Geol.  Soc.y  vol. 
xiv.,  j).  236.) 

The  Red  Chalk  at  the  base  of  the  White  Chalk  of  Norfolk, 
Lincoln,  and  Yorkshire,  in  which  Latter  locality  it  rests  imconformably 
on  the  Speeton  clay,  is  peculiar,  not  only  from  its  lithological  character, 
but  from  containing  some  peculiar  fossils  along  with  others  that  range 
from  the  Gault  into  the  Chalk,  Mr.  H.  Seely,  in  a jiaper  in  the 
and  Magazhve  of  Natural  History  for  April  1861,  supports  the  supposi- 
tion of  its  being  a part  of  the  Upper  Greensand,  which  is  not  other- 
wise represented  north  of  Cambridge. 

The  existence  of  local  groups  of  rock,  however,  that  will  not  exactly 
fit  into  the  general  series,  either  from  their  containing  fossils  different 
from  those  found  in  any  other  group,  or  from  their  imitiug  parts  of  two 
sets  of  fossils  which  are  elsewhere  distinct — although  sometimes  per- 
plexing— seems  to  me  neither  unnatural  nor  different  from  what  might 
be  expectecL  It  merely  shews  us  that  wluch  has  been  often  before  in- 
sisted on,  namely,  that  our  series  is  a series  of  fragments,  and  not  one 
of  absolutely  continuous  succession.  The  intervals  between  beds  have 
been  often  very  great,  those  between  formations  incalculable,  the  local 
deposits  fonned  here  and  there  in  these  intervals  will,  of  course,  often 
have  chai-acteristics  different  from,  or  intermediate  between,  tlie  preced- 
ing and  following  groups. 

Lie  a)vl  Position  of  the  Cretaceoui  Rocks  in  England. — There  is  yet 
anoUie.r  cause  for  uncertainty  in  the  exact  determination  of  the  date  of 
some  of  the  dej)osits  at  the  base  of  the  Cretaceous  series  in  different 
])arts  of  England,  and  that  is,  that  they  are  always  more  or  less  uncon- 
forinable  to  the  Oolitic  rocks  Ijelow.  A surface  of  erosion  was  fonned 
upon  the  Oolitic  rocks  before  the  deposition  of  the  Cretaceous  beds, 
thus  producing  irregidarities  in  the  nature  and  thickness  of  the  latter, 
as  well  as  gaps  in  the  series.  According  to  Professor  Idiillips,  erosion 
is  apparent  in  Oxfordshire  in  the  Oolitic  series  itself,  since  he  attributes 
the  absence  of  the  upper  part  of  the  Comlline  Oolite  thereto  its  erosion, 
before  the  deposition  of  the  Kiuuneridge  clay,  and  it  has  long  been 
known  that  from  Oxfoixlshire,  towards  the  north-east,  the  Oolitic 
beds,  from  the  Oxford  clay  upw^ards,  are  successively  overlapped  by  the 
Lower  Cretaceous  beds.  The  occurrence  of  a little  bank  of  Coral  rag 
near  Upware,  between  Cambridge  and  Ely,  makes  the  former  continuity 
of  that  fonuation  probable. 

Wlien  we  get  into  Yorkshire,  we  know  that  the  Chalk  itself  rests 
on  tlie  Lias,  owing  apparently  to  a local  elevation  of  the  Oolitic  beds 
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above  the  sea,  and  their  consequent  denudation  before  the  deposition  of 
any  of  the  Cretaceous  series,  as  shewn  in  Phillips’s  section  to  his  paper 
on  the  Oolites  of  Yorkshire. — {Q.  J.  Oeol.  Soc.,  vol.  xiv.) 

The  proof  of  elevation  and  denudation  having  taken  place  in  the 
Oolites  before  the  deposition  of  the  Cretaceous  series,  is  interesting  when 
taken  in  connection  with  the  fact  that  at  Harwich,  Kentish  Town,  and 
Calais,  deep  borings  put  down  in  search  of  water  have,  after  passing 
through  the  Cretaceous  series,  come  down,  not  into  Oolitic  rocks,  but 
into  others  apparently  of  Palaeozoic  age.  At  Harwich  they  found  a 
black  slate  at  a depth  of  about  1025  feet,  just  below  the  base  of  the 
Gault.  At  Kentish  Town  they  reached  the  base  of  the  Gault  at  1113 
feet,  and  then  passed  through  188  feet  of  red  rocks,  clays,  sandstone, 
and  conglomerates,  some  of  which  appeared  to  me  very  like  the  trap- 
pean  breccia  of  the  Permian  rocks  of  the  Midland  Counties. — (See 
paper’s  by  J.  Prestwich,  Q.  J.  Geol.  Soc.,  vols.  xii.  and  xiv.)  At  Calais, 
the  Chalk  w^as  pierced,  and  rocks  identified  as  true  Coal-measures  were 
reached  at  the  depth  of  1100  feet.  On  following  the  nearly  horizontal 
Clialk  into  the  north  of  France  and  Belgium,  the  Carboniferous  and 
other  Palaiozoic  rocks  in  a highly  contorted  state  come  out  from  under- 
neath it,  having  suffered  vastly  from  the  denudation  which  j)roduced 
the  surface  on  which  the  Cretaceous  rocks  were  deposited. 

Drawing  a conclusion  from  these  facts,  Mr.  Godwin  Austen,  before 
the  boring  of  the  wells  at  London  and  Harwich,  suggested  the  probability 
of  a ridge  of  Carboniferous  and  other  Pjilseozoic  rocks  extending  at  no 
great  depth  from  the  Ardennes  and  the  Eifel  on  the  east,  to  tlie  neigh- 
bourhood of  Bristol,  Somerset,  and  Devon  on  the  w'est,  this  old  ridge 
being  overlaid  unconfonnably  by  the  Mesozoic  rocks — the  Triassic,  the 
Oolitic,  and  the  Cretaceous  deposits  successively  overlapping  each  other 
from  west  to  east,  as  the  old  Paheozoic  land  became  successively  sub- 
merged ill  that  direction. — {Austen  on  Possible  Extension  of  Coal-mea- 
sures beneath  south-east  of  England,  Q.  J.  Geol.  Soc.,  vol.  xii.) 

It  is  not  improbable  that  the  anticlinal  of  the  Weald  and  Salisbury 
plain,  and  the  synclinal  of  the  Hampshire  basin,  with  its  sharp  uniclinal 
cinw'e  running  through  the  Isles  of  Wight  and  Purbeck,  may  be  refer- 
able to  st)ine  features  in  the  old  surface  below,  producing  an  effect 
upon  the  new’cr  rocks  above  them,  when  they  were  all  subseipiently 
acted  on  by  disturbing  forces,  re-directed  jierhaps  into  the  old  east 
and  west  lines  along  which  they  had  acted  at  the  close  of  the  Palsoozoic 
period. 

Ireland, — In  the  county  Antrim  and  its  bordei*s.  Chalk  wuth  flints 
occurs  with  a maximum  thickness  of  about  200  feet.  It  lies  horizon- 
tally near  the  top  of  the  hUls,  just  w'est  of  Belfast,  and  spreads  in 
horizontal  sheets  over  the  w^hole  county,  but  is  generally  covered  by  an 
immense  capping  of  basaltic  rocks,  so  as  only  to  shew  itself  round  the 
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edge  of  the  basalt,  or  as  outliers  on  the  top  of  some  of  the  adjacent 
hilLs.  (See  fig.  122.)  It  is  called  in  Ireland  White  Limestone,  as  the 
stone  is  considerably  harder  and  finuer  than  the  friable  rock  which  is 
commonly  known  as  Chalk.  It  contiiins  an  abundance  of  fossils  of  the 
same  sjKjcies  as  those  foimd  in  the  Chalk  of  England,  but  also  others  in 
addition,  esj^ecially  a number  of  univalve  shells. 

Mr.  Sharpe  in  the  publications  of  the  Palfieontographical  Society,  de- 
scribes four  species  of  Ammonites  as  peculiar  to  the  north  of  Ireland, 
and  one  as  common  to  it  and  the  north  of  France.  He  believes  it  to 
be  contemporaneous  with  the  Upper  Clialk.  It  rests,  however,  con- 
fonnably  on,  and  seems  to  pass  down  into  a pale  sandy  stone,  mottled 
with  green  specks,  which  becomes  a loose,  dark,  green  sand  below,  and 
is  known  in  the  country  by  the  name  of  Mulatto  stone.  This  is  never 
more  than  alx)ut  twenty  feet  thick.  It  is  full  of  Exogyra  and  other 
fossils  of  the  Upper  Greensand,  so  that  if  the  White  Limestone  above 
it  be  the  Upper  Chalk,  the  Lower  Chalk  must  l)c  absent. 

The  Greensand  rests  directly  on  thirty  feet  of  black  shales  with 
Lias  fossils,  and  that  on  the  Red  Marls  of  the  Trias.  (See  section, 
fig.  122.) 

Switzerland. — The  CYetaceous  series  as  now  described  spreads  over 
a large  part  of  western  Europe. 

The  Wealden  beds  may  be  seen  at  Boulogne,  with  much  the  same 
characters  as  they  have  in  the  Isle  of  Wight,  As,  however,  they  are  of 
fresh-water  origin,  we  should  expect  to  meet  somewhere  with  their  con- 
temporaneous marine  dejwsits.  M.  Thurman  formerly  described  beds 
in  the  neighbourhood  of  Neufchatel  in  Switzerland,  which  are  probably 
the  marine  equivalents  of  the  Wealden  beds.  They  have  since  l>een 
called  Neocomian,  from  the  Latinised  name  of  the  Swiss  town. 

M.  Marcou  (in  his  Letters  sur  les  Roches  de  Jura)  gives  the  follow- 
ing tabular  account  of  these  beds,  and  of  what  he  believes  to  be  their 
English  equivalents  : — 


Switzerland, 


Upper 

Neocomian 


•1 


Middle 

Neocomian. 


Lower 

Neocomlln. 


i 


6.  Wliite  limestones. 

5.  Limestones  with 
green  grains. 

4.  Marls  of  Hauterive. 
3 Yellow  Limestone. 

2.  Limoni te. 

1 . Blue  marls  unfos.sili- 
ferous. 


England. 

) Lower  Greensand  (the 
j bottom  part  of  it). 

W^eald  Clay  aud  Hast- 
ings Sand. 


It  appears  that  the  blue  unfossiliferous  marls  Na  1 , are  now 
knowTi  to  contain  a few  small  fresh-water  and  terrestrial  species. 
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The  following  table  will  give  some  of  the  other  Continental  terms 
for  the  different  i)arta  of  the  British  series  : — 


Brttisu. 

D’Orbionv,. 

Otheh  Aimions.  j 

Wanting. 

Danicn 

Feet. 

60. 

j 

Craie  pisolitique. 

Maestricht  and  Faxoe  beds. 

Chalk  with  and 
without  flints. 

S6nonien 

980. 

Craie  blanche,  Kreido,  Sca- 
glia,  Obere  and  Untere 
Krcide,  and  Planer  Kalk, 
Zone  de  Rudistes,  Cal- 
Cairo  k Hippuvites. 

Chalk  Marl. 

Turonien 

650. 

Craie  tufau,  ou  chlorit6c. 

Upper  Greensand. 

Cenomanien 

1600. 

Glanconie  crayeuse,  Qu- 
adersandstcin,  Tourtio, 

Oberer  Karpathensand- 
stein,  Systiime  nervien. 

Gault. 

Albien 

150. 

Systemo  Aachenien,  argiles 
tegulines  (in  part). 

Spceton  Clay. 

Aptien 

650. 

Arrile  k plicatules,  Argiles 
tegulines  (in  part.) 

Lower  Greensand 
and 

Wealden  beds. 

Neocomien 

8000. 

Calcaire  a spatangues,  Argilo 
08tr6ene,  Calcaire  h Di- 
cerates, nils  conglomerat, 
and  Hilsthon,  Marne  de 
Hauterivo,  Terrain  Jura- 
Cretac6o,  Biancone. 

M.  Alcide  D’Orbigiiy  says  that  the  Neocomien  beds  between 
Marseilles  and  Cassis,  and  between  Cliijes  and  Beausset,  dip  at  23°  for 
a distance  of  8 kilometres,  or  nearly  five  miles,  which  gives,  he  says,  a 
thickness  of  2500  metres  (8200  Eng.  feet). 

The  thickness  of  his  Aptien  bed.s  he  gets  at  Bedoule  in  the  Basses 
Alpes  ; and  those  of  his  Cenomanien  and  Turonien  he  takes  from  the 
measurements  of  M.  Ed.  de  Vemeuil  (a  most  tnistworthy  authority)  made 
in  the  provinces  of  Biscay  and  Santander  in  Spain. — {Cours  Elementaire 
de  PalcBontologie^  A.  D’Orbigny,  tom.  second.) 

North  America, — Sir  C.  Lyell  describes  in  his  Manual  sandy  and 
argillaceous  beds  as  existing  in  New  Jersey,  and  containing  fossils  of 
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tlie  same  species  as  those  of  the  Clialk  of  Europe.  They  extend  through 
North  Carolina  and  Georgia  round  the  southern  termination  of  the 
Appalachian  chain  into  Alabama  and  Mississippi. 

In  Dr.  Hector’s  recently  published  paper  (Q.  J.  G.  S.,  vol.  xvii.),  a 
great  series  of  sandstones  and  clays  and  shales  is  desciibed  as  occupying 
all  the  central  part  of  British  North  America  east  of  the  Rocky  Moun- 
tains. These  bwls  are  full  of  fossils  belonging  to  the  genera  Exogyta^ 
InoceramuSy  BaciditeSy  ScaphiteSj  and  other  Cretaceous  forms.  TTiey 
likewise  contain  fossil  plants  and  wood,  and  beds  of  good  coal,  some  of 
which  are  six  feet  thick,  and  are  said  by  Dr.  Percy,  who  examined 
specimens  in  his  laboratory,  to  look  very  like  coal  from  the  Coal- 
measures. — {Pereas  Metallurgy y p.  89.) 

Messrs.  Meek  and  Hayden  have  described  the  extension  of  these 
beds  southwards  into  the  American  States. 

South  America. — Mr.  Darwin  describes  in  the  Andes  of  the  neigh- 
bourhood of  Coquimbo,  great  beds  of  bro\^Ti  argillaceous  limestone, 
porphyritic  conglomerates,  and  masses  of  red  sandstone  with  gypieous 
rocks,  not  less  than  6000  feet  thick,  as  containing  in  some  parts  fossils 
such  as  Hippurites  and  Baculites,  and  others  clearly  Cretaceous,  toge- 
ther with  Si)irifer8B  like  Sp.  Walcottii  and  other  fossils  more  like  Oolitic 
than  Cretaceous  species. — {South  Amerveay  Danvin,  p.  21 2,  etc.)  He  says 
in  Ids  summary,  i6.,  p.  238,  that  strata  characterised  by  Cretaceous  or 
Oolitico-cretaceous  fossils,  having  in  many  places  a thickness  of  .7000  or 
8000  feet,  may  be  traced  from  Colimibia  north  of  the  Equator  to  Tierra 
del  Fuego.  They  consist  of  “ black  calcareous  shaly  rocks,  of  red  and 
white  siliceous  sandstones,  coarse  conglomerates,  limestones,  tuffs,  dark 
mudstones,  and  those  singular  fine-grained  rocks  wliich  I have  calle<l 
pseudo-honestones,  va.st  beds  of  gypsum  and  many  other  jaspery  and 
scarcely  describable  varieties,  which  vary  and  replace  each  other  in 
short  horizontal  distances  to  an  extent  I believe  unequalled  even  in 
any  tertiary  ba.sin.”  “ In  Tierra  del  Fuego,  at  about  this  same  ]>eriod, 
a wide  district  of  clayslate  was  deposited,*  which,  in  its  niineralogical 
characters  and  external  features,  might  be  compared  to  the  Silurian 
regions  of  North  Wales.” — (74.,  p.  239.) 

Jndia. — Deposits  at  PondicheiTy,  Verdachellum,  and  Trichonopoly, 
examined  by  C.  J.  Kaye  and  the  Rev.  W.  H.  Egerton,  were  shewn  by 
Professor  E.  Forbes’s  examination  of  the  fossils  to  belong  to  the  Creta- 
ceous Period,  the  Pondicherry  beds  to  the  lower  part  of  it,  and  those  of 
Trichonopoly  and  Verdachellum  probably  to  the  Gault  and  lJi>per 
Greensand. — (Q.  J.  QcdL  Soc.y  vol.  i.,  p.  79.) 

♦ Mr.  Danvin,  of  course,  means  tliat  clay  was  deposite<l  which  was  afterwards  metamor- 
phosed into  slate. 
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Life  op  the  Period. 

If,  as  before,  we  fix  our  attention  chiefly  on  the  facts  to  be  ob- 
served \^uthin  the  British  area,  we  shall  find  no  lack  of  interesting 
subjects  for  thought  in  contemplating  the  progress  of  life  during  this 
period. 

The  old  dirt  beds  and  fossil  forests  of  the  Purbeck  rocks  shew  to 
us  the  actual  surfaces  of  the  land  which  existed  in  parts  of  this  area  at 
the  close  of  the  Oolitic  Period.  The  fresh-water  deposits  with  which 
these  are  associate*!,  and  the  tliick  but  irregular  and  partially  deposited 
Wealden  beds,  disclose  to  us  the  existence  of  a large  tract  of  land  on 
which  alone  fresh  water  could  have  been  gathered  to  form  a delta  200 
miles  across.  It  is  possible  tliat  several  rivers  may  have  united  to  form 
this  delta,  ns  i^  the  case  now  in  New  Guinea,  where  an  island,  the  main 
mass  of  which  is  not  more  than  600  miles  across,  has  yet  a part  of  its 
coast,  120  miles  long,  occupied  by  a continuous  delta  extending  for 
an  unknown  distance  into  the  interior,  traversed  by  numerous  channels 
of  fresh  water,  with  a large  shallow  flat  spreading  30  or  40  miles  out 
to  sea  all  along  it. — (See  Voyage  of  //.  M.  S.  Fly) 

The  tenants  of  this  land  were  some  Marsupial  and  other  Mammals, 
none  of  which  were  of  large  size,  so  far  as  we  can  judge  from  those  re- 
mains of  them  that  have  come  down  to  us.  There  were  also  huge 
reptiles,  some  carnivorous,  like  the  Megalosaurus,  others  herbivorous,  as 
the  Hylajosaurus  and  Iguanodon.  Other  more  crocodilian  reptiles 
flourished  in  the  seas  or  fresh  waters  of  the  Wealden  times. 

Fresh-water  shells  and  drift  wood  are  found  in  these'  deposits,  as 
might  be  expected  from  their  origin. 

The  land  must  have  endured  for  many  ages  to  form  local  deposits, 
which  mav  be  likened  in  thickness  and  extent  to  the  deltas  of  the 
Ganges  or  the  Nile  ; but  there  came  at  length  a time  when  it  sank  again 
beneath  the  sea,  and  these  fresh-water  deposits  were  finally  buried 
under  a thickness  of  some  2000  feet  of  marine  accumulations. 

In  these  seas  lived  and  flourished  the  usual  abundance  of  life. 

Of  minute  Foraminiferm  there  is  an  enormous  abundance  in 
the  Chalk,  parts  of  which  seem  to  be  abnost  entirely  composed  of 
tlie  shells  of  Rotaba,  Spmilina,  and  Textularia. — {GreetHa  Manual  of 
Protozoa) 

Sponges  are  abundant  in  all  the  Upper  Cretaceous  beds,  except  the 
Gault,  and  Actmozoa  and  Polyzoa  in  all. 

It  is  remarkable  that  among  the  Corals  the  whole  oixler  Rugosa 
disappears  at  the  close  of  the  Palaeozoic  epoch,  and  would  have  been 
supposed  to  be  entirely  extinct  then,  if  it  were  not  for  the  appearance 
of  one  little  species  belonging  to  it  in  the  Lower  Greensand,  namely, 
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the  Holocystis  elegans.  The  CretaceouB  Corals  belong  chiefly  to  the 
Aporosa  and  Perforata  ; the  family  of  the  Madreporidaen  ow  first  making 
its  appearance,  and  probably  also  those  of  the  Pennatulidae  and  Gor- 
gonidm. — {Greene 8 Ccelenterata.) 

Brachiopoda  are  numerous  in  some  beds,  but  their  relative  import- 
ance has  now  much  decreased. 

Conchifera  are  especially  abundant  in  the  Lower  Greensand,  and  are 
not  by  any  means  rare  in  any  member  of  the  series.  The  j)eculiar  genus 
Inoceramufl,  closely  allied  to  the  existing  genus  Pema,  is  veiy  abun- 
dant in  the  Upper  Cretaceous  series,  and  the  still  more  strange  family 
of  the  Rudistm,  conUiining  the  genera  Hippurites,  Radiolites,  Caprotina, 
and  Caprina,  which,  in  the  south  of  Europe  and  other  parts  of  the 
world,  are  characteristic  of  that  division.  In  these  shells  one  valve  is 
always  larger  than  the  other,  and  in  some  is  so  rough  and  coarse  as  to 
have  been  taken  for  a Coral,  wliile  the  other  valve  i^mall  and  flat, 
and  looks  like  a limj>et  sticking  on  the  larger  one.  The  whole  family 
is  confined  to  tlie  Upper  Cretaceous  group. — (See  Woodtcard’s  Manual 
of  the  MoUusca)  It  is  singular  that  in  Britain  the  bivalve  shells  be- 
longing to  the  so-called  Dimyarian  sub-division  are  much  rarer  than  the 
Monomyarian  Conchifers. 

Gasteropoda  are  pretty  equally  distributed  throughout  all  the 
sub-divisions  of  the  Cretaceous  period  in  Britain,  except  in  the  upper 
part  of  the  Chalk.  In  the  Irish  Chalk,  however,  they  seem  to  be 
nmnerous. 

The  Cephalopoda  of  the  Cretaceous  Period  are  very  remarkable,  and 
as  after  the  close  of  tliis  period  they  cease  to  jday  the  important  part 
which  they  did  during  the  latter  part  of  the  Palaeozoic,  and  through  all 
the  Mesozoic  epoch,  we  may  take  this  opportunity  of  casting  a glance 
over  their  history. 

The  Cephalopoda  are  divided  into  two  orders,  Dibranchiata  and 
Tetrabranchiata,  To  the  former  belong  the  Cuttlefish  or  Sepia,  the 
Squids  or  Calamaries,  and  the  Argonauts  of  the  present  day,  and 
many  extinct  genera,  among  which  the  Belemnites  are  most  con- 
spicuous. Of  the  Tetrabranchiata  the  only  living  representative  is 
the  Nautilus  pompUius,  but  the  extinct  s]>ecies  and  genera  are  very 
numerous.  All  their  shells  are  divided  into  many  chambers,  and  they 
may  be  classed  into  two  series,  according  to  the  form  of  the  septa  or 
divisions  between  tliose  chambers,  and  the  position  of  the  aiphuncle 
or  tube  wliich  traverses  them.  These  two  series  are  the  Nautilidse 
and  the  Ammonitidoe. 

In  the  Nautilidoe  the  septa  are  simple,  like  plain  saucers  in  form, 
and  the  siphuncle  is  internal,  and  generally  at  or  near  the  centre  of  the 
shell.  In  the  Ammonitidso  the  septa  are  notched,  or  dentated,  or  cor- 
rugated and  foliated,  like  saucers  with  waved  or  frilled  margins,  and 
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the  sipliuncle  is  at  the  dorsal  edge  of  the  shell,  sometimes  forming  a 
prominent  ridge  along  it. 

In  the  Nautilida),  when  the  conical  chambered  shell  is  straight  it 
is  called  Oilhoceras  ; when  it  is  closely  coiled,  so  tliat  the  whorls  touch, 
it  is  a Nautilus.  If  the  whorls  of  the  largest  part  of  the  shell  do  not 
touch,  it  is  a Lituite.  There  are  also  some  other  rarer  modifications. 
The  Litiiites  appeiired  in  the  Lower  Silurian  Period,  and  became  extinct 
at  the  close  of  the  Upper  Silurian  Period.  The  Orthoceras  appeared  in 
the  Lower  Silurian  Period  ; underwent  during  the  Upper  Silurian  Period 
several  strange  modifications  of  external  fonu,  by  bulging  of  the  sides, 
and  contiaction  of  the  mouth  (Gomphoceras,  etc.)  ; became  of  sucli  laige 
size  during  the  Carboniferous  Period  as  to  have  shells  as  big  as  a mtm’s 
leg,  and  then  died  out  with  the  close  of  the  Palmozoic  epoch. 

The  simjde  and  elegantly  formed  Nautilus  wtis  in  existence  before 
the  Carboniferous  Period,  hiid  several  species  during  that  time,  and 
has  been  represented  by  one  or  two  species,  differing  in  no  more 
essential  character  than  in  external  form,  in  every  subsequent  period 
down  to  our  ovti  day. 

The  Ammonitidre  appear  to  have  commenced  with  the  intermediate 
genus  Clymenia,  which  diverged  from  the  Nautilidm  in  having  its 
septa  greatly  waved  and  notched,  and  its  siphuncle  on  the  internal 
margin  of  the  shell.  These  shells  appeared  at  or  a little  before  the 
Carboniferous  Period,  during  which  the  Goniatite,  which  had  its  septa 
bent  at  the  edges  into  sliaiq)  dog-toothed  indentations,  became  very 
abundant.  These  beaune  extinct  with  the  close  of  the  Palfeozoic 
epoch.* 

In  the  Mesozoic  epoch  we  first  of  all  find  in  the  Muschelkalk  the 
genus  Ceratites,  in  which  the  edges  of  the  sej)ta  are  waved  into  roimd 
undulations,  the  backward  curves  being  sharply  notched  with  several 
small  crenulations.  Tlie  Ceratite  thus  leads  us  from  the  Goniatite 
to  the  Ainmonite,f  in  which  the  edges  of  the  septa  are  not  merely 
waved  and  corrugated,  but  are  often  in  addition  so  minutely  crimjx'.d 
or  zig-zagged  as  to  resemble  the  edge  of  a parsley  leaf,  while  the  shell 
varies  indefinitely  in  external  size,  form,  and  ornamentation,  so  that 
not  less  than  600  sj>ecies  have  been  described.  Palaeontologists  have 
divided  these  numerous  species  into  20  groups,  as  in  the  following 
table : — 


♦ The  extinction  of  the  Orthoceras  ami  Goniatite  at  this  time  is  true  for  the  British  area. 
In  the  Hallstadt  and  St.  Cassian  beds  it  will  be  recollected  that  they  are  found  with  fossils 
of  a later  date. 

t The  Ammonites  appear  to  have  had  double  opercula,  small  triangular  bodies  having 
been  found  associated  with  them,  sometimes  in  pairs,  which  are  supposed  to  bo  those 
appendages.  They  have  been  colled  TrigouelUtes  and  Aptychus.— <5ee  ManldPt  Medals, 
chapter  xiL) 
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Name  of  Group. 

Exemplar  Species. 

Rocks  ik  which  they  occur. 

1.  Arietes. 

A.  bisalcatus. 

Lower  Lias. 

2.  Falciferi. 

A.  seipentinus. 

Lias  to  Oxford  Oolite. 

3.  Cristati. 

A.  infiatus. 

Cretaceous. 

4,  Amalthei. 

A.  cordatus. 

Lias  to  Oxford  Oolite. 

5.  Pulchelli. 

A.  crenatns. 

Oxford  Clay  to  Cretaceous. 

6.  Clypeiformi. 

A.  Requienianas. 

Oolitic  and  Cretaceous. 

7.  Dentali. 

A.  denarius  and  Jason. 

Oolitic  and  Cretaceous. 

8.  Genimati. 

A.  aon. 

Triassic. 

9.  Flexuosi. 

A.  radial  us. 

Lower  Cretaceous. 

10.  Uompressi. 

A.  Deaumontianns. 

Cretaceous. 

11.  Armati. 

A.  nerannatus. 

Middle  and  Upper  Oolitic. 

12.  Angulicostati. 

A.  Millet iaiius. 

Cretaceous. 

13.  Capricomi. 

A.  planicosta. 

Liassic. 

14.  Heterophylli. 

A.  Guettardi  and  betero- 

Liassic  to  Cretaceous. 

15.  Ligati. 

pbyllus. 

A.  Mayorianus. 

Cretaceous. 

16.  Planalati. 

A.  biplex. 

Upper  Lias  to  Portland  Oolite. 

17.  Goronarii. 

A.  Humpbresianus. 

Upper  Lias  and  Lower  Oolite. 

18.  Macroccpbali. 

A.  microstoma. 

Miadlc  Lias  to  Lower  Cretaceous. 

19.  Globosi. 

A.  globas. 

Triassic. 

20.  Fimbriati. 

A.  subfimbriatus. 

Triassic  to  Cretaceous. 

In  the  Cretaceous  period  the  Ammonitida)  varied  not  only  in  the 
size,  shajx*,  and  ornamentation  of  the  involute  shell,  but  in  the  dispo- 
sition of  the  volutions  themselves.  In  the  genus  Crioceras  the  whorls 
of  the  shell  no  longer  touch  each  other,  the  coil  being  an  open  one  as 
in  the  Lituite  among  the  Nautilidse.  In  the  genus  Scaphites  the  shell 
when  young  was  like  an  Ammonite,  but  at  a certain  j^eriod  of  growth 
the  shell  was  j)rojected  straight  out,  and  then  curled  in  the  reverse  way, 
so  as  somewhat  to  resemble  a boat  in  form  (see  Foss.  gr.  38,  p.  615).  In 
Ancyloceras,*  the  general  form  is  that  of  a Scaphite,  but  the  young  part 
is  open  like  Crioceim  In  Anisoceras  the  form  is  that  of  Ancyloceras, 
except  that  the  young  part  rises  from  the  plane  of  the  shell  into  an 
open  spiral  form.  In  Ileteroceras  this  young  spiral  jMirt  of  the  shell  is 
close,  the  whorls  of  the  shell  touching  in  that  part  In  Turrilites  this 
close  spiral  form  is  carried  out  through  the  whole  shell,  so  that  the 
fonn  of  the  shell  is  a tall  spiral  like  a T\irritella,  Cerithiura,  or  Terebra. 
Helicoceras*  again  is  an  ojhju  Turrilite,  in  which  the  whorls  do  not 
touch.  Then  we  have  Hamites,  in  which  there  is  only  one  curv-e  in  the 
shell,  which  is  bent  into  the  form  of  a hook,  Ptychoceias,  w’hich  is  a 
Hamite  uith  the  two  anus  of  the  hook  squeezed  together  so  as  to 
touch.  In  Toxoceras,*  on  the  other  hand,  the  shell  is  merely  bent  like  a 
bow  ; and,  lastly,  comes  Baculites,  in  which  the  shell  is  straight  like  a 

* These  forms  commenced  daring  the  Oolitic  i>eriod. 
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walking  stick,  so  that  the  Baculite  is  to  the  Ammonitidfio  what  the 
Orthoceras  is  to  the  Nautilidso. — (See  MantelVa  Medals,  chapter  xii.) 

It  is  curious  that  all  these  strange  modifications  in  the  involution, 
of  these  complex  shells  should  appear  just  before  the  whole  family 
became  utterly  extinct  and  left  no  farther  representatives  in  the  world  ; 
wliUe  the  plain  and  simple  Nautilus,  commencing  in  earlier  times,  has 
never  yet  died  out,  but  has  never  had  the  multitude  of  species  into 
which  the  Ammonite  has  varied. 

Among  the  Echinodermata  it  appears  that  the  Crinoidea  or  Sea 
Lilies  were  scarcely  more  abundant  in  the  Cretaceous  Period  than  they 
are  now — the  Marsupite,  a floating  form,  being  of  the  most  frequent  oc- 
currence. The  Echinidea,  or  Sea  Urchins,  however,  were  wonderfully 
numerous  during  the  latter  part  of  the  period,  the  true  Chalk  con- 
taining numerous  genera,  many  of  them  having  many  species,  and  some 
of  these  being  abundant  in  individuals.  Some  of  the  genera  existed 
during  the  Oolitic  Period,  having  different  species  in  different  parts  of 
it,  and  other  species  during  the  Cretaceous  time.  Other  genera,  how- 
ever, have  only  been  found  in  the  Cretaceous  rocks,  while  a few  have 
been  represented  by  diflerent  species  in  later  times  ; one  or  two  genera 
being  continued  by  successive  si>ecific  forms  ffown  to  our  o^vn  day. 

Among  the  Annelida  a few  Serpula  have  been  preserved. 

Of  the  Crustacea  we  find  some  pedunculated  Barnacles  (see  MantelVs 
Medals,  fig.  167),  many  Cypridea,  and  a few  of  the  Podophthalmia, 
the  order  to  which  our  own  crabs  and  lobsters  belong. 

Of  the  Bisects,  a few  remains  have  l>een  found  in  the  Wealden 
beds,  but  none  in  any  other  part  of  the  Cretaceous  series,  though,  as 
Mr.  Brodie  has  shewn  them  to  have  been  so  abundant  in  even  the  ear- 
liest part  of  the  Oolitic  Period,  we  cannot  attribute  the  absence  of  their 
remains  in  the  Cretaceous  rocks  to  anything  else  than  the  want  of  the 
requisite  conditions  for  their  proper  preservation. 

When  wo  come  to  the  Vertebrata,  wo  find  in  parts,  of  the  true 
Chalk  abundant  remains  of  Fishes,  most  of  wliich  more  nearly  resemble 
tlie  Fish  of  the  jiresent  day  than  do  the  Fish  found  in  earlier  forma- 
tions. Tlie  whole  order  Teleostei,  indeed,  which  includes  the  Cod,  the 
Salmon,  the  Peieh,  and  all  the  most  ordinary  existing  fish,  came  first 
into  existence  during  the  Cretaceous  Period.  Remains  of  other  orders 
of  fish,  however,  especially  teeth  of  Squalidso  or  Sharks,  are  by  no 
means  wanting  in  Cretaceous  rocks. — (See  MantelVs  Medals,  fig.  1 93.) 

Reptiles  certainly  abounded  during  the  Cretaceous  Period.  The 
great  land  carnivorous  reptile  (Megalosaunis)  survived  from  the  period 
of  the  Bath  Oolites,  and  inliabited  the  land  the  washing  of  which 
formed  the  Wealden  beds.  It  was  contemporaneous,  then,  with  the 
equally  large  but  herbivorous  Hylieosaurus  and  Iguanodon,  the  three 
genera  making  the  natural  order  of  the  Ueniosauria,  according  to  Owen. 
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Besides  these,  there  were  many  other  Reptiles,  both  Saurian  and 
Chelonian,  during  the  Wealden  Period,  and  the  marine  Ichthyosaurus 
and  Plesiosaurus  were  represented  even  in  the  times  when  the  Chalk 
itself  was  in  course  of  deposition,  though  no  species  similar  to  them 
lived  at  a later  period-  The  Mososaurus  was  more  like  a lizard  than 
those  already  named,  though  still  marine,  and  so  large  as  to  have  a 
cranium  five  feet  in  length.  The  forms  seem  to  have  been  peculiar  to 
the  latter  part  of  the  Cn^taceous  Period.  The  Pterodactyles,  or  winged 
reptiles,  seem  during  the  middle  part  of  the  CYetaceous  period  to  have 
attained  their  maximum  in  size,  as  well  as  perhaps  in  number,  since 
those  of  the  Lias  and  Oolites  were  not  much  larger  than  ravens  or 
cormorants,  while  those  from  the  Upper  Greensand  of  Cambridge  had 
neck  vertebne  two  inches  long,  and  a probable  expanse  of  wings  equal 
to  twenty  feet. — {Oicen^s  Valwoniolotjy , p.  247.) 

Since  Birds  certiunly  existed  dui’ing  earlier  periods  than  the  Creta- 
ceous, as  is  sheum  by  the  tracks  described  by  Hitchcock  in  North 
America,  they  can  hardly  have  been  non-existent  during  any  subse- 
quent time.  The  remains  of  one  bird  indeed  have  been  actually  pro- 
cured by  Mr.  Barrett  from  the  Cambridge  Greensand,  and  indicate, 
according  to  Professor  OwCn,  a bird  about  the  size  of  a woodcock. 

Mammals  in  like  mamicr  must  have  existed  ever  since  the  period  of 
the  Stonesfitdd  slate,  but  no  Mammalian  remains  have  been  found 
in  any  deposits  belonging  to  the  Mesozoic  epoch  above  the  Purbeck  beds, 
not  even  in  the  Wealden  beds,  so  abounding  in  terrestrial  fragments. 

The  following  is  an  approximately  accunite  simimary  of  the  genera 
which,  so  far  as  we  know,  first  came  into  existence  during  the  Cretace- 
ous Period  ; those  marked  by  an  asterisk  not  having  endured  beyond 
its  close : — 

Plants^  * Abietites.  * Clathraria,  Dracaena. 

Faramimfera,  Gaudryina,  Globigerina,  Guttulina,  Lingulina,  Lituola, 
Orbitoliua,  Orbitolites  ? * Planulina,  * Pynilina,  Quinqueloculina, 
Rosalina,  Truncatulina,  Vemeuilina. 

SpongicUe^  * Achilleum,  * Brachiolites,  * Cephalites,  Chenedoi)ora, 
*Choanites,  * Cceloptychium,  * Guettardia,  Hippalimus,  *Jerea, 

* Paramoudra,  * Plocoscyphia,  * Pol3rpothecia,  * Siphonia,  Udotea, 

* Veutriculite.s. 

Actinozoa^  * Acanthocaenia,  * Actinacis,  * Anabacia,  * Aspidiscus, 

* Barj'heUa,  Barysmilia,  Bathycyathus,  * Brachycyathus,  Brachy- 
phyllia,  Caryophyllia,  Centrocacnia,  Cladocora,  Corallium,  * Cyclo- 
cyathus,  Cyclolithus,  Cycloseris,  Cyphastraea,  * Dactylosmilia, 

* Dimorphastnca,  Diploctenium,  Diploria,  * Elasmocaenia,  * Qena- 
bacia,  Goniastraea,  * Heterocaenia,  * Holocaenia,  * Holocystis, 
Hydnophora,  * HymenophyUia,  Isis,  * Koninckia,  * Leptophyllia, 
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Leptoria,  Lophosmilia,  * Mccandafltroa,  * Micrabacia,  Myceto- 
phyllia,  * Parasrailia,  Pavoiiaria,  * Pentacrenia,  * Peplosiuilia, 
Pbyllocaciiia,  * Placocajiiia,  * Placosmilia,  *Pleurocora,  *Pol}rtre- 
maci.s,  Rliizangia,  * Smilotrochiia,  * Stellornisa,  Stephanopliyllia, 
Styloacnia,  * Stylocyathus,  * Synhelia, 

Vohjzoa^  *Actmopora,  *Atagma,  *Ceriocava,  * Clypeiiia,  *Dcsme- 
opora,  * Domopora,  * Eiitalophora,  Eschara,  Flustra,  * Holostoma, 

* HomtBoaolen,  Lunulites,  * Multicrescis,  * Probos^iiia,  * Ratli- 
opora,  * Reptocea.  * Reptomulticava,  * Reptotubigera,  * Siphon - 
iot}r])hlufl,  * Zonoponu 

BrachiopodOf  Argiopc,  * Magas,  Tercbratulina,  * Terebrirostra,  * Tiigo- 
nosemus. 

Conc/u/eray  Amphidesniii,  * Caprina,  * CapriucUa,  * Caprotina,  Chama, 
Crassatella,  Cr\"jitodon,  * Diceras  (Requienia),  Ojistrocluena,  * Hip- 
purites,  Nea)ra  i Pachymya,  Pctricola,  * Radiolitea,  Solecurtua, 
Spondylus,  Tellina,^  Teredo,*  Thetis,  Venus,* 

Gasteropoda^  Apon*haLs,  * Avcllana,  Cassidaria  t Dolium  ? * Hipponj^, 
Nassa,  Phonis,  Pyrula,  Rostellaria,  Scalaria,  Tylostonui,  Voluta. 
Ileteropoda^  * Belleropliina. 

Cephalopoda^  * Baculites,  * Belemnitella,  * Crioceras,  * Hamites, 

* Ilelicoceras,  * Ptychoceras,  * Scapliites,  * Tiirrilites.^ 
Echinodermatay  * Anancliytes,  * Arthraster,  Bourgueticrinus,  * Cardi- 

aster,  * Caratomiis,  * Catopygus,  * Cyphosoina,  * Discoidea, 

* Galerites.  Goniaster  (sub-gen.  Astrogonium,  * Goniodiscus, 

* Stellaster),  Hemiiuster,  * Hemipneustes  (or  Toxjvster),  * !Marsup- 
ites,  * Microster,  * Oreaster,  * Pyrina,  * Salenia. 

Cimpedia,  Loricula,  Scalpel lum,  Vernica. 

Crustacea,  Cytherels,  Cytherella,  Cythcreidea,  * Enoploclyttia, 
Grapsus  ? Mesostylus,  * Meyeria,  * Notopocorystes,  Paliiiurus, 
Plat)7>odia. 

Fish,  * Acrognatlius,  * Acrotemniis,  * Aulodus,  *Aulolepis,  * Bery- 
copsis,  * Beryx,  * Calamopleurus,  Cestracion,  * Cladocyclus, 
Coclorliynchus,  * Cor.ix,  * Decretis,  E<laphodon,  * Encliodus, 

* Homonotus,  Hy])sodon,  Lamna,  * Loj)liiostomiLS,  * Macropoma, 
Notidanus,  Ortliagoriscus,  * Osmeroides,  Otodus,  * Oxyi’hina, 

* Pachyrizodus,  * Phacodus,  * Plethodus,  *Pomognathus,  * Priono- 
lepis,  *Ptycho<lus,  * Sauroccphalus,  *Saurodon,  ^ Scylliodus, 

* Stenostoma,  Tetrapterus,  * Toniognathus. 

Reptih's,  * Coniosaurus,  * Dolichosaurus,  * Hylseosaunis,  * Iguanodon, 

* Leiodon,  * Mosasaurus,  Platemys,  * Pceciloplcuron,  * Peloro- 
saurus,  * Polyptycliodon,  * Protemys,  * Rapliiosaunis,  * Regno- 
saurus,  * Suchosaurus. 

> Unless  the  shells  so  called  in  older  rocks  bo  rightly  named. 

* Unless  one  reported  from  the  Lias  be  truly  named. 
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At  tlie  close  of  the  Cretaceous  period,  the  following  generic  forms, 

ilating  their  origin  from  still  earlier  times,  became  finally  extinct : — 

Plants^  Alethopteris,  C ; Chondrites,*  S ; Conferv'ites,  P ; C’ycadeoidea, 
O ; Endogenites,  C ; Lonchopteris,  O ; Sphenopteris,  0 ; Thuytes, 
O ; Zamiostrobus,  0. 

Spongidcsy  Ciiemidium,  S ; Coscinopora,  D ; Manon,  O ; Scyphia,  D ; 
Verticlites,  S ? 

Foraminiferay  BulLniina,  0 ; Flabellina,  0 ; Frondicularia,  0 ; Sagrina, 
O ; Vaginulina,  O. 

Actbwzoay  Adelastnea,  0 ; Calamophyllia,  O ; Cladophyllia,  T ; 
Cyathopora,  O ; Enallohaelia,  O ; Haplophyllia,  0 ; Isastnea,  T ; 
Pachvgv'ra,  0 : Pleurocaenia,  O ; RhabdophyUia,  T ; Rhipidogyra, 
O ; Stylina,  O ; Stylosmilia,  0. 

Poli/zoa,  Alecto,  0 ; Ceriopora,  S ; Pustulopora,  C ; Vincularia,  C. 

Brachiopoday  There  are  no  generic  forms  found  fossil  in  the  Chalk  that 
have  not  some  sj)ccies  living  even  at  the  present  day,  except 
those  marked  with  an  asterisk  in  the  preceding  list,  and  these  are 
in  reality  sub-genera. 

RudisteSy  The  whole  family  is  confined  to  the  Cretaceous  period,  none 
being  known  of  either  earlier  or  later  date. 

Conchiferay  Exogyra,  0 ; Gervillia,  C ? or  0 ; Gryphsea,  0 ; Inoceramus, 
C ? or  0 ; Myacites,  S ; Opis,  T ; Sphaora,  T. 

Gmteropoday  Nerinu'a,  0 ; Pleurotomaria,  S. 

Ptercrpoday  No  extinct  genus  survived  into  the  Cretaceous  period. 

Cephalopoday  Ammonites,  T ; Ancyloceras,  0 ; Belemnites,  T ; Turril- 
iteSjt  L \ 

Eckinodennatay  Collyrites,  O ; Ecliinobrissus,  0 ; Holectypus,  O ; 
IVgaster,  0 ; Pygimis,  O ; Rliabdocidaris,  O. 

FHshy  Acrodus,  T ; .^ehmodus,  0 ; Asteracanthus,  0 ; Belonostomus,  0 ; 
Catunis,  O ; Hybodus,  T ; Ischyodus,  0 ; Lepidotus,  0 ; Micro- 
don,  U O ; Sphenonchus,  0 ; Strophodus,  O. 

ReptihSy  Cetiosaurus,  0 ; Goniopholis,  U O ; IchthyosaunLs,  0 ; Mega- 
losaurus,  0 ; Plesiosaurus,  0 ; Pterodactylus,  0 ; Streptospondylus, 
0 ; Tretostenion,  0. 

* These  plants  do  not  range  higher  than  the  Wealdcn  and  Lower  Greensand  ; this  and 

the  three  following  are  not  genera  in  the  ordinary  sense  of  the  tenu,  but  merely  pro^'i8ional 

groups. 

t Provided  the  Turrilites  Valdani  for  the  Lias  be  rightly  determined. 
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CHAPTER  XXXV. 

EOCENE  PERIOD. 

Preliminary  Observations. — The  nomenclature  of  the  Tertiary  periods 
proposed  by  Sir  C.  Lyell,  and  now  aU  but  universally  adopted,  is  more 
systematic  than  that  of  the  Primary  or  Secondary  periods.  It  is  based 
on  tlie  gradual  increase  of  recent  existing)  species  in  the  newer 
rocks.  The  earliest  of  tlie  periods  is  termed  Eocene,  from  the  Greek 
words  eos  and  koinos  or  casnos,  signifying  the  dawn  of  the  recent ; the 
second,  Meiocene,  from  meion,  the  minority  ; the  third,  Pleiocene,  from 
pleion,  the  plurality  of  recent  species  ; and  the  next,  Pleistocene,  which 
expresses  the  recentness  of  most  of  the  species. 

To  these  we  may  add  the  present  period  itself,  which  we  may 
perhaps  conveniently  designate  as  the  Recent  or  the  Human  Period, 
though  it  is  now  difficult  to  draw  any  line  of  separation  between  the 
Pleistocene  and  the  Recent  Period. 

The  adoption  of  this  principle  of  classification  was  rendered  more 
necessary  in  the  case  of  the  Tertiary  than  the  preceding  epochs,  from 
the  nature  of  the  physical  conditions  of  Western  Europe,  on  the  struc- 
ture of  which  our  classification  is  chiefly  based. 

In  the  Primary  and  Secondary  epochs,  the  part  now  occupied  by 
Western  Europe  seems  to  have  generally  contained  more  sea  than  land, 
and  the  rocks  deposited  are  accordingly  so  widely  spread  as  frequently 
to  rest  one  upon  the  other.  We  can  therefore  often  determine  their 
order  of  superposition  by  their  geognostic  relations  only,  that  is,  by 
actually  tracing  each  group  of  beds  till  we  find  it  plunging  under  the 
superior  group  on  the  one  side,  or  till  the  inferior  group  rises  up  to  the 
surface  from  underneath  it  on  the  other.  When,  however,  we  come  to 
examine  the  Tertiary  rocks  of  the  same  area,  we  find  that,  either  from 
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having  been  deposited  in  separate  seas,  or  from  subsequent  denudation, 
or  both  combined,  they  now  form  detached  patches,  each  patch  ending 
before  it  comes  in  contact  with  the  rest,  so  that  their  order  of  superpo- 
sition can  rarely  be  determined  by  simple  inspection.  To  take  a con- 
spicuous instance  at  once — ^The  Chalk  of  the  south-east  of  England  is 
continuoiLS  with  that  of  France*  and  Belgiiiui,  and  no  mistake  could 
possibly  be  made  as  to  the  relative  j)ositidn  of  the  beds  above  and  below 
it  The  Oolites  below  the  Chalk  are  even  still  more  extensive,  and  can 
be  traced  both  geognostically  and  palffiontologically.  The  Tertiary  l^<ls 
above  the  Chalk,  however,  form  isolated  districts  in  the  hollows  of  the 
Chalk,  one  being  called  the  Hampshire  basin,  another  the  London,  and 
a third  the  Paris  basin  ; and  if  we  wish  to  determine  whether  the  beds 
of  these  three  districts  are  of  the  same  age,  or  one  older  than  another, 
it  is  obvious  that  we  can  no  longer  employ  the  positive  evidence  of  an 
inspection  of  their  siijKjrjwsition.  We  must  then  have  recourse  either  to 
the  petrological  evidence  of  their  being  made  exactly  of  the  sfime  kinds 
of  rock  occurring  in  the  same  order,  or  to  the  palajontological  evidence 
of  their  containing  the  same  assemblages  of  fossils  occurring  in  the  same 
order  ; but  if  neither  rocks  nor  fossils  were  precisely  the  same,  then  we 
must  fall  back  on  the  general  rule  or  principle  just  spoken  of,  and  see 
which  contained  an  assemblage  of  fossils  having  the  greatest  approxi- 
mation to  living  forms,  and  this  in  the  case  of  Tertiaiy^  rocks  is  most 
easily  determined  by  the  relative  percentage  of  actually  existing  species. 


The  British  Eocene  Beds. 

In  the  description  of  the  range  of  the  Chalk  across  England,  it  was 
pointed  out  that  a nearly  continuous  escarpment  extended  from  the  Wolds 
of  Yorkshire  into  Dorsetshire,  and  that  the  dip  of  the  beds  was  from  the 
escarpment  towards  the  cast,  at  a gentle  angle.  It  follows  that,  as  the 
top  of  the  Chalk  declines  towanls  the  east,  and  sinks  beneath  the  level 
of  the  ground,  it  must  become  covered  by  some  other  formations. 

In  Yorkshire,  Lincolnshire,  and  Norfolk,  the  escarpment  of  the 
Chalk  runs  almost  parallel  to  the  sea-coast ; and  hi  consequence  of  that, 
and  its  gentle  dip,  the  fonnation  has  no  room  to  acquire  any  depth  be- 
fore reaching  the  sea  From  Suffolk,  however,  it  strikes  directly  south- 
west, through  the  heart  of  the  country  to  Dorset,  while  its  general  dip 
is  towards  the  south-east..  It  l^ecomes  covered  towards  the  south-east, 
therefore,  by  a very  considerable  thickness  of  beds  of  more  recent  for- 
mation, most  of  wliich  belong  to  the  Eocene  Period. 

There  can  be  little  doubt  that  some  of  the  lowest  of  these  Eocene 

* Tliat  the  shullow  furrow  of  the  Straits  of  Dover  has  been  woni  down  a little  way 
below  the  level  of  the  sea  Into  the  bo<Iy  of  the  Clialk  does  not  of  oourse  alTcct  this  assertion. 
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beds,  if  not  the  whole  of  them,  once  stretched  horizontally  across  the 
whole  south-east  comer  of  England,  from  the  coast  of  Suffolk  to  that  of 
Dorsetshire.  Since  that  time,  however,  the  rocks  below  have  been 
abruptly  elevated  along  the  two  east  and  west  lines,  or  axes,  mentioned 
before,  the  one  running  from  Salisbury  Plain  tlirough  the  Weald  of 
Kent,  and  the  other  along  the  south  coast  of  Dorset  and  the  southern 
part  of  the  Isle  of  Wight, 

The  denudation  conse(pient  on  the  lifting  of  the  rocks  along  these 
two  bands  has  removed  not  only  the  Eocene  l>eds,  but  in  some  parts  the 
whole  of  the  upper  and  a good  part  of  the  lower  Cretaceous  series. 
Where,  however,  the  elevation  was  not  so  great,  the  Cretaceous  rocks 
have  been  spared,  as  for  instance  on  Salisbury  Plain  and  the  Chalk  be- 
tween it  and  the  Weald  ; and  here,  in  the  countiy'  north-east  and 
soutli-cast  of  Alresford,  little  outlying  patches  of  the  Eocene  beds  have 
also  l>een  left  unreinoved  on  the  top  of  the  Chalk.  (See  Map  Sheets  1 1 
and  1 2 of  the  Geological  Survey,  or  Professor  llamsay’s  Map  of  England 
and  Wales). 

It  is,  then,  in  consequence  of  this  subsequent  elevation  and  denu- 
dation that  the  Tertiary  beds,  which  repose  in  a hollow  of  the  Chalk 
around  London,  are  separated  from  those  lying  in  the  hollow  of  the 
Chalk  around  Southampton. 

The  CTialk  beds  of  the  North  Downs,  running  from  Deal  and 
Dover  to  Guildford  and  Basingstoke,  dip  to  the  north  and  plunge  under 
the  valley  of  the  Thames,  to  a depth  of  many  hundred  feet,  from  which 
they  rise  very  slowly  and  gradually  out  towards  the  north-west  Any 
one  travelling,  even  by  railway,  from  London  southwanls  to  Reigate,  on 
the  one  hand,  or  in  a north-westerly  direction,  to  Tring,  upon  the  other, 
will  see  the  difference  between  the  bold  rise  of  the  Chalk  from  beneath 
the  London  basin  on  the  south,  and  its  slow  and  gnidual  elevation  on 
the  north. 

In  the  Hampshire  basin  the  same  features  are  still  more  marked, 
since  the  Chalk,  with  the  superincimibent  Eocene  beds  dip  very  gently 
southwards  from  Salisbury  and  Winchester  to  the  Isle  of  Wight,  where 
they  are  suddenly  bent  up  into  a position  of  absolute  verticidity. 

Tlie  Eocene  beds  of  England  rest  upon  the  upper  surface  of  the 
Chalk  in  apparent  confonuity  ; that  is,  there  Is  no  apparent  difference  in 
the  dip  or  strike  of  the  two  groups.  There  is,  however,  a real  lui- 
conformity  between  them,  inasmuch  as  the  Chalk  presents  a worn  and 
eroded  surface  for  the  base  of  the  Eocene  beds.  (See  ante^  chapter  on 
Uncmi formability) 

Owing  to  the  character  of  the  ground,  there  is  no  one  place  where  a 
goo<l  continuous  section  of  the  Eocene  beds  is  to  be  seen  in  the 
London  basin. 

In  the  Hampshire  basin,  however,  especially  on  the  south  side  of  it, 
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in  the  Isle  of  Wight,  where  the  beds  are  tilted  up  along  with  the  Chalk, 
and  exposed  in  the  sea  cliffs,  excellent  sections  are  to  be  seen.  The 
following  fig.  1 2 1 , is  a diagrammatic  section  of  the  beds  as  they  are 
shewn  along  the  western  shore  of  the  Isle  of  Wight  It  is  reduced  from 
the  one  dra^^m  by  Mr.  Bristow,  and  published  in  the  Menioirs  Geol.  Sure. 
{Tert,  Fluv.  Mar.  formation  of  I.  of  Wight.  See  also  Sheet  47  Hor. 
Sect.,  and  Sheet  25  Vert.  Sect.,  by  same  author). 
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Fig.  121. 

Length  of  section  about  700  yards. 

TO.  The  high  level  gravel 
U Bcmbridge  beds. 
k.  Osborne  beds, 
j.  Upper  Hcadon  beds. 
i.  Middle  Hcadon  be<ls. 

\.  Lower  Headon  beds. 
g.  Upper  Bagshot  beds. 


/.  Barton  clay, 
e.  Braeklesham  beds. 
d.  Lower  Bagshot  sands  and  clays, 
c.  The  London  clay, 
b.  The  Plastic  clay  and  sands, 
a.  The  Chalk  (with  eroded  sorfaceX  ha^'ing 
many  layers  of  flint. 


Note. — In  this  figure  the  wood-engraver  has  unfortunately  not  copied  the  original 
drawing  quite  accurately,  but  has  made  the  lines  of  the  group  / end  against  the  base  of  the 
group  g,  as  if  the  Upper  Bagshot  beds  rested  unconformably  on  the  Barton  clay.  Ihe 
lines  of/ should  have  been  drawn  parallel  to  its  boundaries  on  each  side. 


In  this  section  we  have  within  the  space  of  half  a mile  the  whole  of 
the  British  Eocene  series,  with  the  exception  of  the  uppermost  member, 
namely,  the  Hempstead  beds,  which  are  found  on  a hill  four  or  five 
miles  ea.st  of  Headon  Hill. 

Including  these,  and  tabulating  the  whole  series,  as  it  may  be  seen 
in  both  the  London  and  Hampshire  basins,  we  get  the  follo'Rung  list  of 
consecutive  groups ; the  thicknes-ses  in  which  are  taken,  so  far  as  regards 
the  Upper  and  Middle  Eocenes,  from  the  Survey  Memoir  by  Professor 
Forbes  and  Mr.  Bristow,  entitled  Tertiary  fuvio-marine  Format  mi  of 
hie  of  Wight ; those  of  the  Lower  Eocene  are  chiefly  from  ]Mr.  Prest- 
wich’s  papers  on  different  parts  of  the  London  basin.  They  are  either 
the  maximiun  thickness  anywhere  observed,  or  the  mean  of  the  maxima 
at  different  places. 
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Typical  Groups  op  Rock. — London  and  Hampehirc  basins — 

Feet. 

' d.  Corbula  beds  . . 15' 

e.  Upper  freshwater  and"^ 


Upper 

Eocene. 


Middle  or] 
Paris 
Eocenbs, 


Lower  or 
London 
Eooenbs. 


8.  Hempstead 
senes. 


7.  Bembridge 
series. 

6.  Osborne  series 
5.  Headon  series 


4.  Bagshot  series.' 


estuary  marls 
h.  Middle  . 

а.  Lower 
d.  Upper  marls 

c.  Lower  marls 

б.  Oyster  bed 

a.  Limestone 
j6.  St.  Helen’s  sands  . 
(rt.  Nettlestonc  grits 

Cc.  “ Upper  freshwater” 
.*-<  b.  Middle  marine 
^ a.  “ Lower  freshwater  ” 

d.  Upper  Bagshot 
c.  Barton  clay 

b.  Bracklesham  beds  . 
a.  Lower  Bagshot 


3.  I.«ondon  clay  or  > 
Bognor  series  J 
2.  Plastic  clay 
1.  Thanet  sands 


170 


115 


70 


200 


1270 


1540 

480 

160 

90 


2560 


The  Lower  Eocene  Groups. 


1.  Thanet  Sand. — Light-coloured  quartzose  sand,  mixed  in  the 
lower  beds  with  much  ai-gillaceous  matter,  but  never  paa.sing  into 
actual  clay  ; containing  occasionally  dark  green  grains,  like  those  men- 
tioned before  in  the  Green.sands.  It  rests  almost  invariably  on  a 
stratum  of  chalk  flints,  from  which  the  chalk  seems  to  have  been 
washed  away  without  wearing  or  fracturing  the  flints,  and  these  are  of 
a bright  olive  colour  externally,  by  which  they  may  be  recognised  in 
other  betls  (tertiary  or  drift),  to  which  they  may  have  been  subse- 
quently carricil.  The  Thanet  sands  are  very  constant  in  character  from 
the  Lsle  of  Thanet  throughout  the  London  basin,  but  thin  out  to  the 
westward,  till  a little  north  of  Windsor  they  are  only  four  feet  thick, 
shortly  beyond  which  the  beds  disappear  entirely. — (Prestwich,  Geolo- 
gical Joiinial,  1852,  p.  235.) 

Tliey  may  be  seen  abundantly  in  the  sand-pits  and  railway  cuttings 
about  Woolwich. — (See  Geological  and  Topographical  Map  of  London 
and  its  Environs^  by  R.  W.  Mylne,  F.G.S.) 

2.  The  Plastic  Clay,  or  the  Woolwich  and  Reading  series  of 

* Tbc  total  thickness  of  the  fluvio-inarine  strata  of  the  Isle  of  Wight,  reckoning  from  the 
base  of  the  Headon  scries,  will  be  from  500  to  500  feet. 
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Prestwich.  This  group  is  more  variable  in  character  than  that  of  the 
Thanet  sands,  and  also  more  widely  extended,  becoming  thicker  from 
east  to  west,  or  in  the  opposite  direction  to  the  Thanet  sands. 

On  the  east,  near  Heme  Bay,  we  have  in  it — 

Feet. 

c.  Argillaceous  greensand  . . . . 12 

h.  Dark  gray  argillaceous  sand  with  nodules  of  iron 
pyrites  ...... 

a.  Light  ash  green  aud  yellow  sands  . . 9 

28 


At  Black  Heath  it  consists  of — 

Feet, 

Pebble  beds  . . . . . . 12 

Brownish  sand  ......  2 

Comminuted  shells  in  light  coloured  clay  tvith 
pebbles  ...... 

Light  green  sandy  clays  .....  7 

Light  green  sands  with  pebbles  ...  6 

33 


Near  Reading  the  beds  are — 

€.  Mottled  red  and  light  bluish  gray  clay 

d.  Laminated  yellow  sands 
c.  Light  gray  and  greenish  sandy  clay 
h.  Fine  yellow  sand  . . . . 

a.  Greensand  with  Ostrcea  Bellovacina 


Feet. 

20 

2 

4 

8 

2 


But  these  beds  are  more  than  fifty  feet  thick  in  other  parts  of  the 
district. 

At  New  Haven,  an  outlier  of  the  Hampsliire  district — 

Feet. 

i.  Gray  clay  and  dark  yellow  sand  . . . 12 

k.  Round  flint  pebbles  in  gray  clay  and  yellow  sand  1 
Laminated  gray  clay  with  seams  of  yellow  sand  8 
/.  Concreted  oyster  rock  (0.  Bellovacina)  . . 2 

e.  Comminuted  shells  in  yellow  sand  and  gray  clay  6 
d.  Yellow,  browTi,  and  red  sand  in  layers  . 5 

c.  Dark  gray  clays  with  ironstone  ...  20 

h.  Yliite,  ochreous,  and  green  sand  . . . 25 

a.  Green  and  ferniginous-coated  flints  in  sand  . 2 
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In  Alum  Bay,  Isle  of  Wight,  these  beds  are  from  90  to  140  feet 
thick,  consisting  of  bright-coloured  tenacious  mottled  clays,  the  prevail- 
ing colour  being  blood-red,  but  having  mixtures  of  light-bluish  gray 
and  yellow,  light  and  dark  slate  colour,  lavender,  puce,  yellow,  and 
brown — almost  free  from  any  admixture  of  sand. — (Prastwich,  G,  J.y 
1854,  vol.  X.  p.  76.) 

The  Druid  Sandstones,  Gray  W^eathers,  Sarsenstones,  and  Pudding- 
stones,  scatteied  in  loose  blocks  over  many  of  the  Chalk  downs  around 
the  London  basin,  are  believed  by  Mr.  Prestwich  to  be  consolidated  por- 
tions of  the  sands  and  grav'els  of  the  Plastic  clay  series. 

3.  The  London  Clay. — In  the  London  basin  this  consists  of — 
h.  Dark  gray  and  brown  clay,  with  layers  of  septaria  or  cement-stones, 
varying  from  200  feet  on  the  west  to  480  on  the  east  about 
Sheppey  Island. 

a.  Basement  bed,  yellow,  green,  and  ferruginous  sands,  and  occasion- 
ally clays  with  layers  of  rounded  flint  pebbles,  having  a total 
thickness  of  about  five  feet,  and  resting  on  the  slightly  eroded  sur- 
face of  the  beds  below. 

In  the  Hampshire  basin  we  have — 

1.  Dark  blue  clays  and  sands,  containing  nodules  of  argillaceous  iron- 
stone udth  bands  of  gray  clayey  sands  and  dark-greenish  sands, 
sometimes  compacted  into  liard  stone  called  Bognor  rock,  having 
a total  thickness  varying  from  193  to  363  feet. 

«.  Basement  bed  of  sand  and  clay,  with  a conglomerate  of  round  flint 
pebbles  and  pirtly  rounded  fnigments  of  chalk  and  of  the  mottled 
clays  below,  4 to  5 feet. 

Characteristic  Fossils  of  the  Lower  Eocenes. — Each  of  the  groups  now 
described  has  in  reality  a characteristic  assemblage  of  fossils,  many  of  which 
are  peculiar  to  the  group,  while  others  are  more  abundant  in  it  thtui  else- 
where. The  groups  are  also  linked  together  by  fossils  which  range 
from  one  group  into  that  above,  or  into  still  higher  beds.  In  the  first 
edition  of  this  work,  lists  of  the  characteristic  fossils  of  each  group 
were  given,  and  also  those  which  were  common  to  two  or  more  groups. 
Time  and  sjKice,  however,  alike  forbid  the  revision  of  these  lists,  and 
compel  me  to  substitute  for  them  the  following  list  of  characteristic 
fossils  of  the  Lower  Eocene  betls  taken  together  ; but  prefixing  the 
numbers  1,  2,  or  3,  to  such  species  as  may  be  peculiar  to  one  or  more 
of  the  three  lower  Eocene  groups — 

Plants. 

3.  Hightia  elegans  ....  Bow.  Foss.  Fr.* 

3.  Leguminosites,  several  species . . Ibid. 

* Bowerbank’s  Fo»«il  Fruits  of  the  London  Clay. 
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3.  Nipadites  umbonatiiB 
3.  Wetherellia  variabilis 

Foramxnifera, 

1 and  3.  Cristellaria  Wetherellii 
3.  Dentaliua  acuta 

Actlrwzoa. 

3.  Dasmia  Sowerbyi 
3.  Paracyatlms  caryophyllus 


Foss,  gr,  40,  a. 
Bow.  Foss.  Fr. 

Q.  J.  G.  S.,  viii. 
D’Orbigny. 


Br.  Foss.  Cor. 
Foss.  gr.  40,  b. 


Fo««il  Group  No.  40. 

Lower  Eocene  FossUh. 

' a.  Nipadites  umbonatus.  e.  Vennlcularia  Bognoriensis. 

h.  Paracyathus  ratyophyllns.  /.  Hoploparia  Bcllii. 

c.  Pentacrinus  sub-basaltiformis.  g.  Zanthopaia  tnbcrculata. 

d.  Ophiura  Wetherellii 


Polyzoa. 

3.  Rschara  Brongniarti 

Dix.  Foss.  Suss. 

3.  Flustra  crassa. 

Brachiopoda. 

3.  Lingula  tenuis  . . . , 

Sow.  M.  C.,  19. 

3.  Terebratulina  striatula 

Foss.  gr.  41,  ff. 

Digitized  by  Google 
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Coixchifera. 


3.  Crypixxion  angnlatum 
2 and  3.  C^'prina  planata 

2.  Cvrena  cuneiformia  , 

V 

3.  Nucula  Bowerbankii 
3.  OatiDBa  Bellovacina 


. Foss.  gr.  41,  rf. 

. Sow.  M.  C.,  619. 

. Foss.  gr.  41,  c. 

. Geol.  Tr.,  vol.  v. 

Sow.  M.  C.,  388. 


Fossil  Group  No.  41. 
Lower  Ek>ceue  FoesHs. 


a.  Terehratuliua  striatola. 

h.  Pinna  afOnis. 

' c.  Cyrena  cuneiformls. 

<1.  Ciyptfslon  angnlatum. 
e.  Voluta  Wetherellii. 

2.  Pholadomya  margaritacea  . 

3.  Pinna  affinis 

2.  SjTidosmya  splendena 
2 and  3.  Teredo  antenaatcc  . 

2 E 


/.  Aporhats  Sowerbil. 
g.  Nautilus  imperUlis. 
k.  Coelopoma  Colei. 

i.  Latnna  elegans. 

j.  Otodus  obliquus. 

Sow.  M.  C.,  297. 
Foss.  gr.  41,  b. 

. . Tab.  View. 

Sow.  M.  C.,  102. 

2 
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Gatteropoda, 

3.  Aporrhais  Sowerbii  . 

3.  Cassidaria  Smithii 

2.  Ceritliiuni  fimatum 

3.  Cypraea  oviformis 

2.  Melania  inquinata 

1.  Tropbon  subncKlosum 

3.  Voluta  Wetberellii 


Cephalopoda. 

3.  Belosepia  sepioidea 
3.  Nautilus  iiuperialis 

Echinodermata. 

3.  Astropectcn  crispatus 
3.  Qoniaster  Stokesii 
3.  Ophiura  Wetherelli  . 

3.  Pentacrinus  sub-basaltifonnis 

Amielida. 

3.  Vermicularia  Bognoriensis  . 

Cruetacea. 

3.  Hoploparia  Bellii 
3.  Zantliopsis  tuberculata 

Fish. 

3.  Ccelopoma  Colei 

3.  Lamna  elegans  .... 

3.  Otodus  obliquus 

Reptiles. 

3.  Chelone  breviceps 
3.  Crocodilus  cliampsoides 
3.  PaloDophis  toliapicus  . 

Birds. 

3.  Halcyomis  toliapicus  . 

3.  Lithomis  V’llturensis 

Mammals. 

3.  Coiyphodon  Eoctenus 
3.  Diclelphys  Colchesteri 
3.  H\Tacotlierium  leporinum  . 

3.  Macacus  Eocacnus 
3.  Pliolophus  vulpiceps  . 


Foss.  gr.  41,/. 
Sow.  M.  a,  578. 
Ihid..^  147. 
Ibid.y  4. 
Ly.  Man.,  fig.  234, 
Q.  J.  G.  S.,  viii. 
Foss.  gr.  41,  e. 


Ly.  Man.,  fig.  226. 
Foss,  gr,  41,  g. 

M.  G.  S.,  Dec.  1. 
Rid. 

Foss.  gr.  40,  d. 
Foss.  gr.  40,  c. 

Foss.  gr.  40,  e. 

Foss.  gr.  40,  /. 
Foss.  gr.  40,  g. 

Foss.  gr.  41,  A 
Foss.  gr.  41, 

Foss.  gr.  41,/ 

Owen,  Foss.  Rep. 
Rid. 

Rid. 


Owen,  Foss,  Mam. 
Rid, 


Ow'en,  Foss.  Mam. 
Rid. 

GeoL  Tr.,  vol.  vi. 
Owen,  Foss.  Mam. 
— Palax>ntology, 
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The  Middle  Eocene  Groups. 

4.  The  Bagshot  Series  takes  its  name  from  Bagshot  Heath,  but  is 
best  seen  in  the  Isle  of  Wight  It  consists  of  four  groups,  namely  : — 

4 a.  The  Lower  Bagshot  beds,  composed  of  alternations  of  sand  and  clay  ; 
the  sands  generally  pale  yellow  or  gray,  but  sometimes  dark  and 
ferruginous,  at  others  fawn-coloured  or  rose-coloured  ; the  clays  . 
are  white  pij)e-clay,  or  gray  or  chocolate-coloured  clay.  Thick- 
ness, 660  feet. 

4 h.  The  Bracklesham  beds,  so  called  from  Bracklesham  in  Sussex,  dark 
chocolate-coloured  marls  and  carbonaceous  clays  below,  over 
wliich  are  whitish  marly  clay  and  white  sands  capped  by  a band 
of  conglomerate  of  flint  pebbles.  Thickness,  110  feet 
4 c.  The  Barton  beds,  grecni.sh-gray  sandy  clay  below,  passing  up  into 
bluish-green  and  brown  clay,  interstratified  occasionally  wdth 
beds  of  sand  and  loam.  Thickness,  300  feet.  This  was  for- 
merly supposed  to  be  the  London  clay. 

4 d.  Upper  Bagsiiot  beds,  yellow  and  white  sands  with  ferruginous 

stains.  Occasionally  120  feet 

{Mr.  Bristords  section  in  Mems.  Geol.  Survey^  1856. 
Forbed  Isle  of  Wiyht  Mem) 

This  arrangement  is  different  from  that  given  by  Mr.  Prestudeh  in  his 
paj)ers  in  the  Geological  Journal.  It  appears  that  No.  16  of  Mr.  Bris- 
tow*8  section,  p.  157,  is  the  same  as  No.  24  of  Mr.  Prestwich’s  in  Geo- 
logical Journal,  vol.  ii.  p.  258.  All  below  that,  Mr.  Bristow  calls 
Lower  Bagshot,  while  Mr.  Pre.stwich  includes  many  of  the  sands  below 
in  his  Bracklesham  series. — {Geological  Journal^  vol.  xiii.  p.  99.) 

6.  The  Headon  Series. — All  the  Eocene  beds  described  in  the 
preceding  pages,  except  part  of  the  Plastic  Clay  series,  are  of  marine 
origin.  With  the  commencement  of  the  Headon  series,  however,  we 
meet  with  indications  of  fresh  water  having  prevailed  over  what  is  now 
the  Hampshire  area,  as  well  as  at  the  corre.sponding  period  of  the  Paris 
tertiaries.  In  the  London  area  no  beds  higher  than  the  Bagshots  are 
kno>\Ti. 

6 a.  The  Lower  Headon  beds  consist  of  31  feet  of  clays  and  marls  in 
Whitecliff  Bay,  while  at  Headon  Hill  and  ColweU  Bay  they 
contain  thick  limestones,  and  are  from  60  to  80  feet  thick,  and 
they  arc  still  more  varied  at  Hordwell  on  the  opposite  coast. 
They  are  the  “ Lower  Freshwater  formation”  of  Webster. 

5 h.  The  Middle  Headon  beds  consist  principally  of  sands,  shewing  at 

Headon  Hill  brackbh  water  fossils,  but  containing  beds  of 
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oysters;  while  at  Colwell  Bay  and  Hordwell,  and  still  more 
strongly  at  Whitecliif  Bay,  the  beds  have  a purely  marine  clia> 
racter.  Webster  adled  them  the  “ Upper  Marine  formation.” 
At  Colwell  Bay  they  are  only  23  feet  thick,  but  at  Whitecliff 
Bay  they  swell  out  to  100  feet. 

5 c.  The  Upper  Ileadon  beds  contain  the  strongest  limestones  of  Headou 

Hill,  where  they  Jire  85  feet  thick,  thinning  out  rapidly  towards 
the  north.  They  arc  represented  by  a few  very  thin  and  incon- 
spicuous sandy  concn^tionary  bands,  with  a total  thickness  of 
only  44  feet  in  Whitecliif  Bay.  The  upjKjnnost  beds  of  the 
group  are  marls.  Webster  gave  the  name  of  “ Upper  Freshwater 
formation”  to  this  group. 

6.  Osborne  Series. — This  series  varies  from  50  feet  in  Headon 

Hill  to  80  feet  at  Whitecliff  Bay.  It  is  divisible  into  two  groups. 

6 a.  Tlie  Nettlestone  grits  consist  of  hard  rag  and  shelly  sandstone 

below,  capped  by  marl  and  bright  yellow  limestone.  The 
' whole  about  20  feet  in  thickness  in  some  places,  but  in  others 
thimiing  out  and  disappearing,  or  becoming  a mere  loose  sand. 

6 b,  Tlie  St.  Helen’s  sands,  or  uppermost  part  of  the  Osborne  series, 
consist  of  an  alteration  of  white,  and  green,  and  yellow  sands, 
with  blue,  white,  and  yellowish  clays  and  marls,  having  a total 
thickness  of  about  50  feet. 


Some  of  the  Ixids  just  descril^d  contain  in  many  places  an 
enormous  abundance  of  fossils,  often  in  the  highest  state  of  presen-ation. 
Each  group  and  each  sub-grouj)  has  fo.ssils  peculiar  to  itself  as  well  as 
others  common  to  it,  and  one  or  more  other  groups.  The  Barton  Clays 
on  the  coast  of  Dorsetshire,  and  the  Bracklesham  beds  of  Sussex,  are 
literally  crowded  with  beautiful  shells,  of  which  a magnificent  series 
may  now  be  seen  in  the  cases  of  the  Museum  of  Practical  Geology  in 
Jermyn  Street 

The  following  list  contains  a very  meagre  and  imperfect  selection 
from  the  completer  lists  of  Middle  Eocene  fossils  ; the  numbers  prefixed 
referring  as  before  to  the  groups. 


Characteristic  Fossils  of  the  Middle  Eocene  Groups. 


Plants. 


6.  CTiara  Lyellii 

Ab.  Comptonia  dryandri folia 


Geol.  Tr.,  vol.  ii. 
Brongniart 


4a,  Leaves  of  trees  beautifully  prcscr%’ed  in  pipe  clay. 


EOCENE  PERIOD. 


645 


Foraminifera. 


Ah.  Nummulites  laevigatus 
46.  Quinqueloculina  Hauerina 
46.  Rotalina  obBcura 
Ac,  Triloculina  coranguiniim  . 


Foss.  gr.  42,  6. 
DLx.  Foss.  Suss. 
Ibid, 

Ibid, 


Fossil  Oroup  43. 

Middle  Eocene  Fossils. 

a.  Litharea  Websteri.  /.  Crssastella  sulcata. 

h.  Nummulites  bevigatos.  g.  Conus  dormltor. 

c.  Ostraui  flabellula.  h.  Fusiis  longievus. 

d.  Cliama  squamosa.  i.  Murez  asper. 

e.  Corbula  pisum. 


Actinoeoa, 

46.  Litharea  Websteri  . 

Ac.  Turbinolia  Bowerbankii 

Brachiopoda, 
Ac,  Terebratula  biainuata 

Conchifera, 

4 6 and  c.  Area  Branderi 

46.  Cardita  (Yenericardia)  planicoeta 


Foss.  gr.  42,  a, 
Br.  Fose.  Cor. 

I 

Dav.  Brach. 


Tab.  View. 
Tab.  View. 
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4c.  Chama  squamosa 
4 b and  c.  Corbula  pisum 
4c,  Crassatella  sulcata 
4 b and  c.  Ostwca  flabellula 
5.  Potamomya  gregaria 


Foss.  gr.  42,  d, 
Foss.  gr.  42,  e. 
Foss.  gr.  42,/. 
Foss.  gr.  42,  <*. 
Sow.  M.  C.,  363. 


Fossil  Qroup  43. 
Middle  Eocene  Fossils. 


a.  Pleurotoma  colon. 

Jb.  Rostellaria  rintosa. 
e.  Strombus  Bartonensis. 

d.  Voluta  scabricnla. 

e.  VolnU  luctatrix. 


/.  Natica  anibnlacnim. 

g.  Cancellaria  evnisa. 

h.  Oliva  Branderi. 

i.  Ancillaria  baccinoldes 

j.  Dentalimn  striatum. 


Gasteropoda. 

4 b and  c.  Ancillaria  buccinoides 
4 b and  c.  Cancellaria  evnisa 
4c.-  Conus  domiitor 
4 b and  c.  Dentalium  striatum 
4 b and  c.  Fusus  longaevus 

5,  6,  and  7.  LjTunsea  longiscata 

6.  Melano])si.s  subfusiformis. 


Foss.  gr.  43,  »*. 
Foss.  gr.  43,  p. 
Foss.  gr.  42,  p. 
Foss,  gr.  43,/ 
Foss.  gr.  42,  h. 
Foss.  gr.  4.4,  t. 
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4c,  Mitra  scabra  .... 
4 6 and  c.  Murex  asper  . 

4 6 and  c.  Natica  ambulacrum 
4c.  Oliva  Branderi 
6 and  6.  Planorbia  euomphalus 
? Pleurotoma  colon 

5.  Potamides  (Ceritbium)  concavua  . 
4c.  RoBtellaria  rimosa 
4c.  Strombus  Bartonensis 
4c.  Trocbus  monilifer 
4c.  Typbis  pungens 
4 6 and  c.  Voluta  luctatrix 
scabricula 

Cephalopoda. 

46.  Beloptera  Belemnitoidea 

Echinodermata. 
4c.  Eupatagua  Hastingsim 


Fisk. 

46.  Edapbodon  Bucklandi 
46.  Myliobatis  Edwardsii 


Reptiles. 

4c.  Alligator  Hantoniensis 
4c.  Crocodilus  Hastingsiao 
46.  Gavialis  Dixoni 
46.  PaloBopbia  Typbaeua  . 


Mammalia, 

5.  Dicbodon  cuspidatus  . 

46.  Lopbiodon  minimum  . 

5.  Microcbocrus  erinaceus 
5.  Paloplotberium  annectena  . 
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Sow.  M.  C.,  401. 
Fosa.  gr.  42,  i. 
Foaa.  gr.  43,/. 
Fobs.  gr.  43,  h. 
Tab.  View. 

Foaa.  gr.  43,  a. 
Sow.  M.  C.,  339. 
Fosa.  gr.  43,  6. 
Foss.  gr.  43,  c. 
Sow.  M.  C.,  367. 
Tab.  View. 

Foss.  gr.  43,  e. 
Foss.  gr.  43,  d. 


Dix.  Foss.  Suss. 


Tert.  Ecb.,*  26. 


Agaasiz. 

Dix.  Foss.  Suss. 


Owen,  Foss.  Rep. 
Ibid. 

Ibid. 

Ibid. 


Q.  J.  G.  S.,  iv. 
Owen,  Fosa.  Mam. 
Q.  J.  G.  S.,  vol.  ii. 
/6w/.,-  iv. 


The  Upper  Eocene  Groups. 

Tbe  fluvio-marine  conditions  are  still  continued  in  tbe  Isle  of 
Wight  district  without  any  very  marked  line  of  distinction,  between 
the  top  of  tbe  Middle  and  the  base  of  the  Upper  Eocene  groups. 


* Forbes’s  Tertiary  Bebinodermata,  Pal.  Soc. 
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7.  The  Behbridge  Series  contains  the  following  sub-divisions,  be- 
ginning with  the  lowest : — 

7a,  The  Bcmbridge  limestone,  A pale  yellow  or  cream-coloured  lime- 
stone, interstratified  with  clay  or  cnunbling  marl — the  lime- 
stone full  of  cavities,  and  often  quite  tufaceous  and  concretionary, 
sometimes  a true  travertine,  and  sometimes  conglomeritic  ; con- 
tains siliceous  or  cherty  bands  in  some  places.  Tliickness,  20 
to  25  feet. 

76.  Tlie  oyster  bed.  A few  feet  of  greenish  sands  containing  oysters 
{Ostnm  VectensU)  in  great  abundance,  capped  by  a band  of  hard 
septarian  stone,  which  is  constant  over  a large  area.  About  1 0 
feet  altogether. 

7c.  Unfossiliferous  mottled  clays,  alternating  with  fossiliferous  lami- 
nated clays  and  marls  containing  Ct/rena  pulchra. 

7iL  Marls  and  laminated  gray  clays,  containing  Melania  turriixaima. 
Capj)ed  by  the  Black  band  forming  the  base  of  the  Hempstead 
series. 

8.  The  Hempstead  Series — the  three  lower  divisions  of  fresh- 
water and  estuar}'  origin. 

8a.  The  lowest  bed  of  this  group  is  a firm  carbonaceous  laminated 
clay,  highly  fossiliferous,  about  2 feet  thick,  known  as  the 
Black  band  ; over  which  arc  pale  bluish  and  yellow  shaly 
marls,  with  ironstone  concretions.  Tlie  whole  about  40  feet 
thick. 

86.  The  base  of  this  group,  called  the  "Wdiite  band,  is  a bed  of  mingled 
broken  and  entire  shells,  more  or  less  consoliihited,  often  very 
ferruginous,  from  6 inches  to  2 feet  thick  ; over  which  are 
mottled,  yellow,  and  pale  green  marls,  capj>ed  by  shaly  clays 
and  dark  marls,  and  blue  green  feiruginous  clays,  with  ironstone 
concretions.  Total  thickness  about  50  feet. 

8c.  Variegated  red  and  green  marls  and  gray  clays,  covered  by  greenish 
clay,  passing  up  into  pale  and  dark  gray  or  lead-coloured  clays. 
Thickness  about  40  feet. 

8(f.  Clays  with  septaria,  and  gray  and  bluish  clays  with  concretions 
containing  abundance  of  Corbula  ; maiine.  About  25  feet  thick. 


The  Characteristic  Fossils  of  the  Upper  Eocene  Beds. 

Plants. 

7 and  8.  Cliara  mcdicaginula  . . Foss.  gr.  44,  a. 

Flabellaria  Lamononis  . Bronguiort. 


Digitized  byGoogie 
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Conchifera. 

8(1.  Corbiila  Vectensia 
7 c.  Cyrena  pulchra 
76,  Ostrcea  Vectensis 


Forbes,  I.  of  W.,  pi.  1 * 
Foss.  gr.  44,  b. 

Forbes,  I.  of  W.,  pi.  3. 


a.  Cltara  nte<iicAgimila. 
ft.  CjTt'im  pulchra, 
c.  Achatina  coatcllata. 


Fossil  Group  No.  44. 
Upper  Eocene  Fossils. 
d.  Palnilina  orbiculuriN 
c.  Bulliuus  ellipticus. 

/.  Helix  D’Urbani. 


g.  Hytlrabia  ChastelU. 

h.  Cerithium  elegans. 

i.  Lymna<n  longisoaU. 


Gasteroimla, 


7.  Achatina  costellata 

7.  Bulimus  ellipticus 

8.  Cerithium  elegans 

7.  Helbc  D’Urbani  . 

8.  Hydrobia  Chaatellii 
7a.  Melania  tunitissima 

. Paludina  orbicularis 
. Planorbis  discus  . 

. Voluta  Rathieri  . 


Fo.ss.  gr.  44,  c. 
Foss.  gr.  44,  e. 
Fos.s.  gr.  44,  6, 
Foss.  gr.  44,  /. 
Foss.  gr.  44,  y. 

Ly.  Man.,  fig.  182. 
Foss.  gr.  44,  d. 

Ly.  Man.,  fig.  187. 
. Ed.  Eoc.  Mol.t 


• Forbes’s  Isle  of  Wiglit,  in  Mems.  G.  S. 
t Edwards’s  Eocene  Mollosca,  Pal.  Soc. 


2 F 
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Reptiles. 

8.  Trionyx  incra-ssatus 

Mammalia. 

7.  Anoplotlieriiiin  commune 
7.  Cliccropotamus  Cuvieri 

7.  Dichobune  cervinum  . 

8.  Hyopotamiis  bovinus  . 

7.  Vectensis  . 

7.  Piilax)tlierium  crassum  . ' . 

8.  magnum 


Owen,  Foss.  Rep. 


Ly.  Man.,  fig.  1 90. 
Geol.  Trans.,  vol.  vi. 
Geol.  Trans.,  vol. 

Q.  J.  G.  S.,  vol.  iv. 
Hid, 

Geol.  Trans.,  vol.  vi. 
Ly.  Man.,  fig.  191. 


France  and  Belgium. — Tlie  labours  of  Mr.  Prestwicli,  continued  so 
long  and  assid\iously,  have  gradually  made  plain  to  us  the  con*elation 
of  the  Engli.sh  and  French  Eocene  beds,  and  joined  with  those  of 
Sir  C.  Lyell  and  M.  Dimiont,  have  also  taught  us  the  relation  of  these 
with  those  of  Btdgium.  The  following  table  exhibits  these  relations  as 
they  arc  now  believed  to  be,  biking  Mr.  Pi’estwich’s  chussification  for  all 
below  the  Upper  Bagshot  sands,  and  Professor  Edward  Forbes’  for  those 
and  all  above  them  : — 


Exoland. 

Rklgic.m. 

Fraxcx. 

i'  Calcaire  de  la  Beauce. 

11.  IIcTupstead. 

Rupelien. 

) OrcB  de  Fontainebleau. 

) Sables  et  bancs  de  coquilles, 

, marnes  marines. 

f Calcaire  siliceux,  calcuire  la- 

10.  Bombridge. 

Tongrien. 

custre  moyenne,  Gypseous 
' series  of  Montmartre,  etc. 

0.  0.sborne.  7 
8.  Ileadon.  ) 

Laeckenicn,  part  of? 

1 Calcaire  marin  et  Gres  de 
Beauebamp.  | 

i 

7.  Upper  Bagsbot. 

f Systeme  Laeckenicn 
( Bupeneur  ? 

' 

-Sables  moyennes,  upper  zone,  j 

6.  Barton  clay. 

f Systeme  Lacckenien 
1 infericur? 

1 

-Sables  moyennes,  lower  zone,  j 

5.  Bracklesbam. 

SystcmeBruxellien. 

1 

Calcaire  grossier,*  and  Glau-  i 
conic  grossiere.  i 

• ^Ir.  Prestwicli  gives  {Gtol.  Jour.,  vol.  xiii.  p.  99),  the  followiug  detailed  description  of 
the  Calcairc  grossicr ; — 

Foet. 


4.  Compact  white  marls,  pas.sing  down  into  alternations  of  greenish  marls  and 

thin  yellow  limestones,  with  seam.s  of  chert  .....  29 

3.  Thin  bedded  fissile  calcareous  flags  and  sandstones,  alternating  with  white 

marls  and  limestones  ........  1^ 

2.  Thick  main  tna«.s  of  soft,  light-yellow  c-ilcareous  freestone  (the  building  stone 
of  Paris  got  by  mining  or  snbterrauean  quarrying)  passing  sometimes  into 
calcareous  sands  .........  40 

1.  Variable,  more  or  less  colcarcoiLS,  green  sands,  sometimes  concreted,  flint 

pebbles  often  at  ba.se  ........  25 
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England. 

Beloicm. 

France. 

■ 

4.  Lower  Bagshot. 

3.  London  clay. 

2.  Woolwich  and 
! Reading. 

1 1.  Thanet  sands. 

J Systcnie  Ypresien 
suporieur  ? 

J Systeme  Ypresien 
( inferienr. 

j Systcnie  Landenien 
1 superieur. 

( Systcnie  liandenicn 
t inferieur. 

■ 

Lits  coquillieres,  and  Glauco- 
^ nic  moyenne. 

Wanting.* 

' Gres  de  Pondingues,  Liwiites 
et  Ar^Ie  Plustique,  Glau- 
conie  inferieur. 

►•Wanting. 

According  to  Mr.  Prt'.stwich,  the  Lomloii  Tertiaries  were  deposited 
in  a sea  oi)en  to  the  north,  8j)reading  at  least  over  south-east  England, 
Belgium,  and  north  of  France,  whilst  to  tlie  south  of  that  area  dry  land 
prevailed  over  the  great  part  of  the  Paris  Tertiary  district  and  still  far- 
ther south.  Gradual  depression  then  took  place,  extending  the  limits 
of  the  sea  over  the  Paiis  area,  leading  to  the  introduction  of  Nummu- 
litcs  and  more  southern  forms  of  marine  life  than  had  hitherto  pre- 
vailed. Dry  land  was  still  in  the  immediate  neighbourhood,  as  shewn 
by  the  occasional  presence  of  terrestrial  forms,  and  alternations  of 
elevation  and  depression  doubtless  took  jdace,  modifying  here  and  thei-e 
the  physical  geograj)hy  of  the  district.  Tlie  Barton  Clay,  for  instance, 
seems  to  have  been  deposited  in  a sea  of  a more  northern  chiiracter  than 
that  in  which  the  Bmcklesham  clays  and  sand  were  formed.  Fresh- 
water conditions  finally  became  j)revalent,  large  estuaries  opened  into 
the  seas  over  the  British  and  north  of  France  areas,  while  large  lakes 
existed  in  the  centre  and  south  of  France,  where,  soon  after,  volcanic 
eruptions  commenced  to  breiik  forth,  and  continued  for  many  thousand 
yeai-8  in  subsequent  periods.  Edward  Forbes  pointed  out  that  the 
upper  part  of  the  Bembridge  series  was  probably  of  the  siinic  age  as  the 
Molasse  of  Fnjnsadiiis  and  associated  beds,  and  also  as  the  Calcaire  a 
Ast(!*rie8  of  the  south-west  of  France  ; part  of  the  Tertiary  beds  of 
Malta,  Corsica,  Greece,  Civte,  Cerigo,  south  of  Spain  and  Portugal, 
Azores,  and  North  Africa,  were  also  considered  to  be  contemporaneous 
with  the  Hempst{?ad  series.  Contemporaneous  with  the  Hempsteiul  also 
were  the  Molasse  ossifere  and  the  Faluns  jaunes  of  Dax,  the  lower  tlivi- 
sion  of  the  Vienna  Tertiaries  and  the  marine  beds,  the  Ceiithium  kalk 
and  Upi>er  brown  coal  of  Mayence. — {Mems.  Geol.  JSur,  1856,  p.  100.) 

Sir  C.  L3*ell,  however,  in  his  Supplement,  thinks  that  it  would  be 
more  convenient  to  retain  a nomenclature  common  on  the  Continent, 

* Some  part  of  it,  however,  formerly  extended  into  Normandy,  as  some  Hay  at  the  top 
of  the  cliff  of  Ailly,  near  Dieppe,  is  believed  to  be  London  clay.— {Prcstwlch,  Gcol.  Jonr., 
voL  xi.  p.  2ao.) 
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and  to  class  the  Hempstead  series  and  its  contemporaneous  be<ls  as 
Lower  Meiocene,  making  the  beds  from  the  Barton  Clay  to  the  Bem- 
bridge  series  inclusive  Upper  Eocene,  and  taking  the  Bracklesliam  and 
Lower  Bagshot  beds  only  as  Middle  Eocene.  He  remarks,  however, 
that  we  must  in  this  case  lcK)k  on  the  boundarv  between  Eocene  and 
Meiocene  as  an  arbitrary  and  purtdy  conventional  line. 

Certainly,  as  far  as  England  (Isle  of  Wight)  is  conceme<l,  the 
Hempstead  beds  are  linked  to  thase  below  by  almost  as  great  a number 
of  sjHicies  as  they  have  peculiar  to  themselves. 

The  AljtSf  the  Borders  of  the  Mediterranean^  Efjypty  India. — ^Through 
these  countries  from  the  Alps  to  the  Himalayas,  occurring  at  intervals 
through  25°  of  lat.  and  near  100°  of  long.,  are  found  great  masse.s  of 
r<»ck,  sonietinies  even  thousands  of  feet  in  thickness,  crowde<l  with 
nunumilites  and  often  almost  made  up  of  them.  Tliese  are  of  Middle 
Eocene  age.  Tlie  summits  of  some  of  the  Alps,  such  Jis  the  Dent  du 
Midi  and  Diableretz,  are  fonned  of  these  beds.  Associate<l  \s*ith  these 
are  still  higher  beds  called  Flysch  and  Macigno  in  S\ritzerland  and 
North  Italy,  and  the  black  slates  or  shales  of  Glams,  and  other  l>eds  in 
Switzerland,  containing  quantities  of  fossil  fish,  etc.  The  Monte  Bolca 
fi.'*h  lx:d.s  are  also  of  about  this  age. — (^Murchison,  Geol.  Jour.^  vol.  v.  p. 
157,  etc). 

Tlic  Eocene  beds  of  the  Alps  are  not  only  of  as  great  a tliickness, 
but  are  as  violently  di.sturbcd  and  contorted,  and  as  frequently  inverted, 
as  are  the  older  Palreozoic  rocks  in  the  mountains  of  Britain. 

M.  A Icicle  D’Orbigny  u.ses  the  name  of  Suessonien  (from  the  town  of 
Soissons)  to  include  the  Lower  Eocene  beds,  from  which,  however,  he 
excludes  the  London  clay,  but  includes  the  Nmnmnlitic  fonnation.  He 
also  gives  the  designation  of  Parisien  to  the  London  clay  of  England 
and  the  Paris  tertiaries,  from  the  Glauconie  grossiere  to  the  gyi>sum 
beds  of  Montmaitre — a classification  which  Mr.  Prestwich  1ms  .shewn 
to  be  a mistake.  D’Orbigny  then  takes  the  Gre.s  de  Fontainebleau  as 
the  base  of  his  twenty-sixth  .stage,  which  he  calls  Faliinien,  sulKlividing 
it  into  two — Lower  Falunien  or  Tongrien  to  which  he  a-^signs  the  Gres 
de  Fontainebleau,  and — Uppc'r  or  Falunien  proper,  which  he  identifies  at 
the  same  time  with  the  Miocene  of  Lyell,  and  the  Crag,  which  is  be- 
lieved to  be  Pleiocene. 

North  America. — Sir  C.  Lyell  places  the  Claiborne  and  Alabama 
Ix'ds  among  the  productions  of  the  Middle  Eocene  pericxl. 

Life  of  the  Period. 

Tlic  following  new  generic  fomis  now  for  the  first  time  make  their 
appearance  within  the  Briti.sh  area,  those  apparently  confined  to  the 
period  being  di.stinguished  as  before  by  an  asterisk  : — 
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Plants,  *Callitrites,  *Cupanoide9,  *Frenclites,  *Higbtea,  ^Leguminos- 
sites,  *Mimosites,  *Nipadites,  *Petrophiloides,  *Solenostrobus, 
*Tricarpellite8,  *Wetherellia,  *Xulionosprionite8. 

Foraminifera,  Alveolina,  Bilwulina,  Globiiliiia,  *NunimulitC8,  Oixircu- 
Ima,  Robulina,  Triloculina. 

Actinozoa,  ^Asti-ocaenia,  Balaiiopliyllia,  *Dasmia,  Dendropliyllia, 

lielia,  * Holaraja,  * Litharea,  Mopsea,  Oculiiia,  Paracyatlius, 
*St<jreopsiuimiia,  Stylophora,  Tiirbinolia,  *Websteria. 

Polyzoit  and  Bmchiopoda,  none  kno^v^^. 

Conchifera,  Cardilia,  Clavjigella,  Cyclas,  Diplodonta,  Dreissena, 
Kellia,  Glycimeris,  Xucinella,  Pauo})cea,  Soleii*,  Syndosmya, 
Teredimu 

Oasterojioda,  Acliatina,  Adcorbis,  Ancillaria,  Ancylus,  Auricula,  Bi- 
froiitia,  Ibiltnuis,  Calyptiiea,  Caiicellaria,  Clausilia,  Couu8,  Cra8|)e- 
dopoma,  Crejjidula,  Cunia,  Cyclostoiua,  Cy]»nea,  Fasci<jlaiia,  Helix, 
Liniiuea,  Mjirginella,  Melampus,  Melania,*  Mitra,  *Neniatuni,  Niso, 
()<lo8toinia,  Oliva,  Ovula,  Pedipes,  Plauorbis,  Pleurotoina,  Pseu- 
<loliva,  Pupa,  Pynimidella,  Ringicula,  Rotella,  Sigaretus,  Stroml>U8, 
Succiuca,  Ttu-ebelluin,  Teixibra,  Triton,  T}'plii8,  Volvaria. 

Pteropoda,  no  new  forms  kno^\^l. 

Cephalopoda,  *Beloptera,  ^Belosepia. 

Echinodermata,  *EupatagU8,  *Schizaster,  Spatangus. 

Anmlida,  Ditnipa. 

Cirrlpedia,  Balanus. 

Crustacea,  *Arcliaeocarabu9,  ^Basinotopus. 

Fish,  *Ace.strus,  Accipenser,  ^EtobatLs,  ^Anipheristus,  *Auchcuilabrus, 
*Bothro3teu8,  *Bmcliygnathu8,  *Calopoinus,  Carcharodon,  *Calo- 
ceplialus,  *Cocloperca,  ^Cdslopoma,  Elasmodus,  *Eurygnathu3,*Gly- 
phis,  *Goniognathu8,  *IIalecopsis,  *Labrophagu8,  *Laparus,  Lepi- 
dostcus,  *Loxostoinus,  Megalo})s,  Merlinus,  Myliobatis,  Myrip- 
ristis,  *Naisia,  *Pacliycephalus,  ‘‘^Pcrcostoina,  ^Periodus,  *Phalacrus, 
*Pliasg}inus,  *Phyll(xlus,  ♦I’isodiis,  ^Platj’loemus,  *Podocephalus, 
*PoniophractiLs,  Pristis,  ^Psaliodus,  *Ptycliocei)halus,  *Rliinoce- 
phalus,  ^Rhipidolepis,  ^Rlioncus,  *Rliyncorbinus,  *Scioenuru8, 
•ScoinbriniLs,  Silurus,  ^Spliynenodus,  Spiiiax,  *Teratichthy8. 

RfptHes,  Alligator,  Crocodilus,^  Emys,  Gavialis,  *Palax)phis,  *Paleryx, 
Trirmvx/ 

Birds,  ^Gastomis  (France),  ^Halcyornis,  ^Litliomis,  ♦Protomis, 

Mammalia,  *Anoplotberiiini,  *Cliajropotamu.s,  *Coiypbodon,  Dicbobune, 
*Dicbodon,  Didelpbys,  *Hyacnodon,  *Hyoi)otamus,  *Hyracotbcriuin, 

1 Uuless  the  shell  called  Elolcn,  from  the  Carboniferous  liniestone,  be  a true  Solen. 

* Unless  a doubtful  species  from  tlio  Carboniferous  limestone  be  a true  Melania. 

• Unless  certain  fra^iients  from  the  Wealden  be  true  Crocoililes. 

< Unless  fragments  from  the  Oolitic  rocks  of  Scotland  be  those  of  true  Trlonyx. 
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*Lophioclon,  Macacus,  *MicrochflDrus,  *Pal£eotherium,  *Paloplo- 
therium,  *Pliolophiis,  *Spalacodon,  Vespertilio  ? 

The  following  additional  genera  of  Mammalia  have  been  found  in 
rocks  of  this  period  in  France,  unless  some  of  those  rocks  ought  more 
properly  to  be  called  Meiocene : — 

*Adapis,  *Aphelotherium,  *Anchilopus,  Anchitherium,  Canis,  Cynodon, 
Eurytherium,*Halitherium,  *Loi)hiotheriiun,  ilyoxus,  Oi)lotherium, 
*Pachynolophus,  Palseonyctis,  Propalaeotheriiun,  Sciurus,  *Xiphodon. 

Tlie  Plants  liave  now  the  general  api)earance  of  those  of  our  o"wn 
day,  the  fossil  leaves  being  such  as  look  to  unbotanical  eyes  like  the 
leaves  of  our  common  trees.  The  fruits  found  in  the  London  clay  of 
the  Isle  of  Sheppey  are  some  like  palm  nuts  and  some  like  coffee  berries, 
and  other  forms,  such  as  seem  familiar  to  persons  who  have  visited 
tropical  regions. 

Tlie  Foraminifera  become  enormously  abimdant  in  some  places, 
whole  mountain  masses  being  almost  composed  of  Nummulites  (see 
Foss.  gr.  42,  i).  I have  seen  tin  e<pial  abundance  of  a similar  form 
called  Orbitolites  (see  Dr.  Carpenter’s  paj)ei’s  in  PhiL  Trans.,  1856)  in- 
side the  coral  reefs  of  the  north-east  coast  of  Australia,  where  from  depths 
of  10  to  20  fathoms  the  dredge  would  often  come  up  filled  with  Orbito- 
lites, while  the  sand  of  the  shores  of  the  mainland  and  islets  was  often 
composed  of  them,  and  I sometimes  found  them  adhering  to  sea  weeds, 
in  apparently  a living  state,  and  of  a delicate  flesh  colour  in  the  centre. 
It  will  be  recollected  that  a smaller  fonu  (Globigerina)  is  also  now 
forming  a vast  foraminiferous  deposit  in  the  north  Atlantic  (see  p.  1 29). 

Of  the  Actinozoa,  Professor  Greene  says,  “ The  tertiar}'  formations 
are  abundantly  supj)lied  with  Corals,  chiefly  belonging  to  tlie  Zoanthaina 
Aporosa  and  Z.  Perforata,  The  Z.  Tabulata  are  represented  by  a single 
genus.” 

Of  Polyzoa  no  new  genus  seems  to  have  fii-st  come  into  existence 
during  this  period,  so  far  as  the  British  area  is  concerned,  if  we  may 
take  the  last  edition  of  Morris’  Catalogue  for  our  guide. 

Of  Brachiopoda,  no  true  generic  group  has  originated  since  the 
Cretaceous  Period,  and  the  greater  number  of  the  known  genera  date 
from  the  Palaeozoic  ejKich.  The  individuals,  os  well  as  the  siiecies 
and  genera,  are  ver}'  rare  in  tertiary  rocks,  compared  with  those  of  the 
preceding  epochs. 

Tlie  Conchifera  and  Gasteropoda  now'  become  generically  almost 
identical  with  those  of  the  present  time,  comparatively  few  of  our 
present  geneia  not  having  been  in  existence  in  the  Eocene  Period. 

Tlie  same  may  be  said  of  the  Cephalopodous  shells,  which  in  the 
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Eocene  Period,  as  in  our  o\m  day,  were  principally  of  the  genus 
Nautilus.  No  Argonaut  or  Spirorhis,  however,  seeins  then  to  have 

existed.^ 

Tlie  Crustacea,  the  Fish,  and  the  Reptiles,  were  all  such  as  now 
live  ujwn  the  globe,  differing  in  species,  and  many  of  them  in 
but  these  diffei-ences  being  such  as  only  to  strike  the  accurate  scicntihc 
observer,  while  their  resemblances  to  living  forms  would  be  at  once 
apparent  to  ordinary  eyes. 

Although  we  have  distinct  proof  of  the  existence  of  large  B^ds  and 
small  Mammals  in  the  Mesozoic  epoch,  it  is  in  the  Eocene  period  that 
we  for  the  first  time  meet  with  the  remains  of  Mammalia  of  large 
size  and  in  great  abundance. 

The  occurrence  of  fossil  Birds  must  ever  be  rare,  since  the  circum- 
stances likely  to  cause  a dead  bird  to  sink  in  water  so  that 
bones  shall  be  buried  at  the  bottom,  must,  as  observed  by  Sir  Charles 

Lvell,  be  quite  exceptional.  , , 

Owen  savs  of  the  remains  of  Birds,  that  “ the  eocene  tertiaries  shew 

that  the  following  ordinal  modifications  were  at  that  period  represented  ; 
the  raptorial,  by  species  of  the  size  of  our  ospreys,  buzzards,  and  smaller 
falcxms,  and  most  probably,  also,  by  an  owl ; the  insessorial,  by  birds  seem- 
ingly allied  to  the  nuthatch  and  the  lark  ; the  scamorials,  by  siiecies  as 
large  as  the  cuckoo  and  kingfisher  ; the  rasoriaU,  by  a species  of  small 
quail  ; the  cursoriaU,  by  a s^xjcies  as  lai-ge  as,  but  with  thicker  legs  than, 
an  ostrich  ; the  graUatorial,  by  a curlew  of  the  size  of  an  ibis,  ami 
by  species  allied  to  Scolopax,  Tringa,  and  Pelidna,  of  the  size  of  our 
woodcocks,  lapwings,  and  sanilerlings  ; and  the  natatorial,  by  species 
allied  to  the  cormorant,  though  one  of  them  of  larger  size,  but  less  than 
a pelican,  and  also  by  a species  akin  to  the  divers  {Merganser).— {0 teen' ^ 

Pal<ieontologg,\\ . 

The  list  of  Mammalian  genera  given  above  as  belonging  to  tne 
Eocene  Period,  is  doubtless  ojien  to  revision,  both  from  palaeontological 
and  stratigraphical  reasons.  Nearly  60  species,  liowever,  were  dis- 
covered by  Cuvier  in  the  fresh-water  formations  of  Paris  ; and  additions 
of  importance  have  since  been  made  by  Owen  and  other  naturalists. 
Most  of  these  belonged  to  Cuvier’s  order  of  Pachyderms,  now  divided 
among  three  orders,  of  which  the  elephant,  the  rliiiioceros,  and  the  horse, 
are  examples  respectively. 

Other  Mammalia,  however,  have  been  discovered  in  still  earlier 

♦ The  difference  between  specific  and  generic  Identity  will,  of  course,  be  borne  in  mind. 
It  is  also  necessary  to  recollect  that  the  existing  srecies  which  are  found  fossil  do  not 
necc-ssarily  exist  in  the  same  part  of  the  globe  aa  they  formerly  did.  Mr.  Goilwm  Austen 
says  that  not  a single  existing  species  in  the  Nummulitic  (or  Eocene)  deposits  now  exists  in 
any  European  sea  (.Vaf.  Hist.  0/  European  Seas,  p.  251),  the  first  appearance  of  the  sjiechs 
of  the  European  scaa  dating  from  the  newer  Meioceno  or  Pliocene  period,  the  shells  being 
found  in  the  Faluns  of  Touraine. 
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Elocene  beds  than  these,  since  the  fossil  oposvsum,  Didelphys  Colchesteri, 
and  the  fossil  monkey,  Macacus  Eocaenus,  were  found  in  the  London. 
Teitiaries.  Owen’s  genus  Coiy^phodon,  a tapir-like  animal,  which, 
must  have  been  t^\ice  as  large  as  the  'American  tapir,  also  lived  diiring 
the  earlier  part  of  the  period.  A skeleton  found  near  Soissons  in 
France,  was  said  to  have  been  nearly  as  big  as  a bull. — {Owen's  PaL^ 
p.  325.)  Tlie  Hyracotherium  and  Pliolophos  {ib)  were  lessor  animals, 
with  some  characters  more  nearly  approaching  the  hog  tiibe,  while 
others  resemble  those  of  the  horse,  hyrax,  and  anoplothere. 

Tlie  following  abstract  of  Owen’s  notes  to  the  third  edition  of  Buck- 
land’s  Bridgewater  Treatise,  A^dll  give  the  best  general  notion  of  some 
of  the  animals  of  a later  part  of  the  period. 

Paloiotherium. — The  place  of  the  genus  Palaxjtherium  is  between 
the  rhinoceros,  the  horse,  and  the  tapir.  Eleven  or  twelve  species 
have  already  been  discovered,  some  as  large  as  a rhinoceros,  others 
varying  from  the  size  of  a horse  to  that  of  a hog. 

Anoplotlierium. — The  place  of  this  genus  stands  in  one  respect 
between  the  rhinoceros  and  the  horse  ; and  in  another,  between  the 
hippopotamus,  the  hog,  and  the  camel  Five  species  have  been  found 
near  Paris,  varying  from  the  size  of  an  ass  to  that  of  a hare.  The 
largest  had  a thick  tail  equal  in  length  to  its  body,  like  that  of  an  otter, 
juobably  intended  to  assist  it  in  swimming. 

Lopthiodon  allied  most  nearly  to  the  tapir  and  rhinoceros,  and  con- 
nected closely  with  the  two  preceding.  Fifteen  species  have  been 
ascertained. 

Anthracotkeriumy  so  called  because  first  found  in  the  lignite  of  Catli- 
bona  in  Liguria,  had  seven  s]>ecies — some  of  them  like  a hog  in  size, 
others  as  laige  as  a hij)popotamus. 

Chceropotanws  was  allied  to  the  hogs,  in  some  respects  approaching 
the  Babiroussa,  and  forming  a link  between  the  Anoplotherium  and  the 
Peccary. 

Adajns  seems  to  have  formed  a link  between  the  Pach3^lermata  and 
the  Insectivorous  Carnivora  ; it  was  like  a hedgehog  in  form,  but  three 
times  its  size. — ( Owen  in  Buck.  Bndge.  Treat.) 

The  genera  Diclnxlon,  Dichobune,  Xiphodon,  Microtherium,  etc., 
were  smaller  and  more  delicate  animals,  allied  to  those  alx)ve  men- 
tioned, but  having  some  affinity  to  the  Chevrotains  of  the  East 

Contemporary  with  these  animals  that  seem  to  have  been  adapted 
for  a life  in  the  marshy  grounds  on  the  borders  of  lakes,  were  several 
carnivorous  animals,  to  whom  they  served  for  food.  Of  these,  the 
Hyajnodon  is  an  example,  an  animal  of  the  size  of  a leopard,  one  of 
those  which,  to  judge  from  the  character  of  their  flesh-cutting  teeth,  were 
more  fell  and  deadly  than  the  modem  wolves  or  tigers, — {Owen's  Pal.^ 
p.  339.) 
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Extinction  of  Life  at  the  Close  of  thls  Period. — The  only 
generic  forms  mentioned  in  Morris’s  catalogue  as  dating  from  a pre- 
Tertiary  Period,  and  surviving  into  the  Eocene  and  then  beconmig 
extinct,  are  the  follomng  ; — 

PlantSf  Flabellaria,  Lycopixlites. 

Foraininiferay  Frondiculariu,  Marginulina, 

Fish,  Coclorhyncus,  Cr.  ; Edaphodon,  Cr.  ; Oyrodus,  0.  ; Hyps<Mlon, 
Cr.  ; Notidanus,  Cr. 
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The  proportion  of  living  to  extinct  species  is  taken  at  about  25  per 
cent.  If  we  include  tlie  Hempstead  series  in  the  deposits  of  the  Eocene 
j)eriod,  we  have  no  stratified  rocks  in  the  British  Islands  repre.scntiitive 
of  the  formations  of  the  Miocene  period,  unless  it  be  the  “ ash  ” beds 
and  lignites  a.ssociated  "with  the  Ixisolts  of  the  north  of  Ireland  and 
west  of  Scotland. 

The  Duke  of  Argjde  has  described  (in  Qt\  J.  Qtol.  Soc.,  vol.  vii.)  the 
interstratified  traps,  .ashes  and  leaf  beds  to  l)e  seen  in  the  island  of  Mull, 
one  of  the  Hebrides,  of  which  the  islet  of  Staffa  is  a dejKjndenc}’.  Tlie 
headland  of  Ardtun  e.vhibits  the  following  section  of  tlie.se  deposits  : — 

Feet. 


8.  Uppennost  l>asalt  .....  40 

7.  Fin^t  leaf  bed  .....  2 

0.  First  ash  bed  .....  20 

5.  Second  leaf  bed  .....  2^ 

4.  Second  a.sh  bed  .....  7 

3.  Third  leaf  bed  . . . . . 

2.  Amor])hous  basalt  . . . . . 48 

1.  Columnar  basalt  (to  low  tide  level)  . . 10 
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The  A.sh  beds  are  de.scribed  as  resembling  the  tuffs  of  Mont  Dor, 
Vesuvius,  and  Madeira  ; the  leaf  beds  as  baked  clay,  or  very  fine  mud 
containing  imj)re.ssions  of  leaves,  and  sometimes  consisting  of  a mere  mass 
of  coinjiressed  leaves  still  retaining  the  “ damp  obscure  colours  of  vege- 
table decay.”  A seam  of  coal  was  found  in  one  place  immediately 
under  a sheet  of  basalt,  and  this  is  believed  to  be  the  extension  of  one 
of  these  leaf  beds.  Ei^uisetii  stems  are  mentioned  as  well  as  the  leaves, 
and  the  whole  deposits  are  conjectured  to  have  been  formed  in  a sluillow 
lake  or  mai*sh  over  which  the  igneous  rocks  have  been  eJecU^d. 

A conglomerate  of  bunit  red  and  yellow  Chalk  flints  is  mentione«l 
as  associated  in  one  place  with  the  fii’st  ash  bed  (No.  6.) 
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The  leaves  were  exaniiued  by  Professor  Edwaixl  Forbes,  who  says 
of  them  ; — “ The  general  assemblage  of  leaves  is  decidedly  Tertiarj%  and 
most  probably  of  that  stage  of  Tertiary  termed  Meiocene.  Tlieir 
cliniatal  aspect  is  more  mid-European  than  that  of  our  Eocene  Horn. 
There  is  a striking  resemblance  between  some  of  them  and  fossils  from 
Styria  and  Croatia.” 


Fossil  Group  No.  45. 

Fossil  leaves  from  Island  of  MulL 

a.  Filicites  ? Hebridicus. 

h.  Alnite.H?  Mncqunril. 

c.  Rhanmites?  inultiiiervatus.  ' 

Besides  the  genera  mentioned  above,  Forbes  referred  others  to 
Taxites  ? Platanites,  and  Equisetuni. 

The  genend  resemblance  between  these  deposits  and  those  of 
Antrim  is  noted  by  the  Duke  of  Arg}*le,  who  quotes  from  Mr.  J. 
Na.smyth  an  account  of  the  cliffs  near  the  Giant’s  Causeway,  to  the  general 
accuracy  of  which  recent  observation  enables  me  to  bear  testimony. 
Over  the  Chalk  in  that  district  there  is  a thickness  of  nearly  500 
feet  of  beds  of  iuterstratified  ba.sidt  and  ash.  Some  of  the  Ixisaltic  beds 
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are  regularly  columnar  cup  and  ball  articulations,  others,  like 

starch,  iiTegularly  columnar  without  articulations,  some  amorphous,  and 
of  these  many  are  a green  amygdaloidal  rock  full  of  cavities  and  veins 
of  zeolites,  many  of  which  are  formed  in  the  joints  of  the  rock,  and  are 
thus  of  obviously  subsequent  origin  to  the  rock  itself. 

One  or  two  of  the  ash  beds  are  very  regular,  and  persistent  for  a 
long  distance,  and  well  seen  in  consequence  of  their  being  of  lighter 
and  brighter  colours  than  the  other  rocks.  Tliey  contain  nodular 
concretions  of  red  pisolitic  oxide  of  iron,  from  which  they  are  often 
spoken  of  as  red  ochre  beds. 

Near  the  summit  of  the  clilf  over  tlie  Giant’s  Causeway,  beneath  a 
wall  of  rudely  columnar  ba.salt  50  feet  high,  is  a little  rather  irregular 
seam  of  giay  fire-clay,  and  in  that  or  over  it  is  an  irregular  band  of 
coal  or  lignite,  of  which  I only  succeeded  in  digging  out  some  broken 
fmgmeiits  that  had  no  appearance  of  structure,  but  winch  Mr.  Nasmytli 
.says  sometimes  shews  the  fibres  of  dicotyledonous  woo<l  like  recent 
charcoal.  The  guide  as.sured  me  that  the  country  people  sometimes 
fimnd  whole  trees  in  this  bed.  Similar  beds  of  lignite,  but  of  greater 
extent,  are,  I believe,  found  near  Ballymena,  and  in  other  jiarts  of 
county  Antrim. 

Dr.  Berger  in  3d  vol.  Qeol.  Tram.,  1st  series,  says,  that  the  maximum 
thickne.ss  of  the  Antrim  basidtic  fonnation  is  900  feet,  that  its  average 
thickness  may  be  taken  as  545  feet,  and  its  extent  at  800  square  miles. 
From  Sir  R.  Griffith’s  map  its  area  would  appear  to  be  at  least  1200 
square  miles,  as  it  occupies  a quadrangular  space  48  miles  long  from 
north  to  south,  and  28  miles  wide  from  east  to  west. 

In  fig.  122  we  have  a diagrammatic  section  through  C’ave  Hill 
an«l  across  the  valley  of  Belfast.  In  this  section  the  Ba.saltic  formation 
is  seen  resting  on  tlie  Cretaceous  beds.  Just  at  the  base  of  the  basidt  is 
a little  bed  of  brown  clav,  full  of  chalk  flints  burnt  red  or  yellow.  This 
apj)ears  to  have  been  the  muddy  deposit  derived  from  the  waste  of 
the  Chalk,  and  most  probably  to  liave  formed  the  sea-bottom  on  which 
tlie  firat  outjiourings  of  igneous  matter  were  deposited.  I did  not 
.succeed  in  discovering  any  organic  remains  in  it,  but  should  hoj>e  that 
some  may  eventually  be  found,  and  also  that  leaves  or  other  fossils  may 
l^e  found  in  some  of  the  ash-beds  or  other  })arts  of  the  formation. 
This  clay  is  well  seen  also  at  Ballycastle,  and  doubtless  occurs  in 
other  places.  Some  of  the  clay  beds  near  the  Giant’s  Causeway  might 
contain  fossils. 

The  dykes  represented  in  fig.  122  are  excessively  numerous  in  the 
country  about  the  basalt,  both  on  the  north  coast  and  near  Belfast,  and 
probably  in  other  parts.  On  the  shore.s  of  Belfa.st  Lough  they  fonn 
straight  causeways,  standing  up  as  vertical  walls,  several  feet  high, 
exactly  a.s  if  they  were  artificial  quays.  The  slopes  of  the  Cave  Hill 
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are  traversed  by  dykes,  some  of  which  can  be  traced  up  from  the 
coast  and  seen  in  the  Chalk  rpiarries,  cutting  in  black  vertical  seams 
through  the  white  limestone  in  a most  picturesque  maimer.  These 
dykes  are  probably  ui  many  cases  the  feeders  from  which  some  of 
the  bi\saltic  beds  above  may  have  boiled  over  while  the  rock  was 
molten,  though  in  other  cases  the}"  may  not  perhaps  have  succeeded  in 
reaching  the  surface. 


H R.M 


CASTLERE*CM 


CAVE  H!IL 


Fig.  122. 

DiogrATiunatic  Section  acro.ss  Bolfnat  Valley. 

Feet. 

Ji.  naaalt,  some  columnar  lic<ls,  Rome  ninygdaloidal  - - - up  to  IKX)  Tertiary, 

1'.  Eroded  Hurface  of  chalk,  with  clay  full  of  fliut.R  baked  by  basalt. 

C.  Chalk  in  some  places  as  much  as  2.’>0  \ (jj^taccous 

G.  Greensand not  exceeding  25 ) 

L.  I.ias  never  exceeding  80  Oolitic. 

iV.  7J.  .if.  New  red  marls,  with  beds  of  rock  salt  . - - - al>out  ^i^^lTrias 

iV.  Ji.  S.  New  Red  8an<lstone alwut  600  ) 

c b.  Carlsmifen^us  rock.s,  undulating  at  high  angles,  j»robably  with  small 
tuisins,  some  of  whicrh  may  contain  be<ls  of  coal.  The  lower  beds  only 
visible  on  east  side  i>f  the  Lough. 

1.  s.  Lower  Silurian,  black  slates,  etc.,  diifiuug  at  high  angles  to  east,  away 
from  the  Carboniferous  rocks. 

(f.  Dykes  of  b.asult. 

X Clay  and  silt,  with  bed  of  peat  below,  filling  up  head  of  Belfast  Lough. 

Tliese  are  the  only  rock.s  in  the  British  islands  that  can  be  even 
conjectured  to  belong  to  the  Jleiocene  Period,  imless  we  adopt  the  con- 
tinental classification,  and  consider  the  g}"pseous  series  of  Montmartre 
the  uppcnno.st  of  the  Eocene  beds,  in  which  case  we  must  also  take  the 
equivalent  Bembridge  series  of  the  Isle  of  Wight  as  the  uppennost  of 
the  Eocene,  and  include  the  Hempstead  beds  and  their  ecpiivalents 
among  the  Meiocene  deposits.  There  is,  it  appears,  a palceontological 
reason  for  this  arrangement  on  the  Continent,  inasmuch  as  if  we  draw 
the  line  at  the  top  of  the  Montmartre  beds,  and  at  the  base  of  the 
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Culcaire  laciistre  siiperieur  (or  Calcaire  de  la  Beauce),  certain  g»?neric 
and  even  specific  forms  of  Mammalia  are  kept  wholly  within  the  Meio- 
cene  groujis,  which  otherwise  would  be  made  common  to  the  Eocene 
and  Meiocene  periods.  The  genera  Dorcatherium,  Cainotherium,  Anchi- 
therium,  and  Titauomys,  and  the  species  Rhinoceros  incisivus,  and 
others,  are  examples. — (M.  Lartet,  in  LydV»  SappUment^ 

Bdgium  and  France. — The  Limburg  Wds,  the  Rupelien  of  Dumont, 
the  Bolderbiirg  beils,  the  Faluns  of  Touraine  and  Bourdeaux,  the  Falunien 
suiK'iieurof  D’Orbigny,  including  the  principal  part  of  the  lacu.strine  strata 
of  Auvei-gne  and  centr.il  France,  are  included  in  this  period  by  Lyell. 
Associated  with  the  latter  were  the  earliest  beds  of  lava  and  volcanic 
breccias  which  began  now  to  be  poured  forth  in  the  districts  of  Au- 
vergne* and  Velay,  and  continued  to  break  forth  at  inten*als  to  later 
times. 

Germany  and  Switzerland. — The  Mayence  basin,  the  principal  part 
of  the  Vienna  l)asin,  part  of  the  Molasse  of  Switzerland,  contaiidng  the 
“ Xagel-flue,”  a conglomerate  6000  or  8000  feet  thick,  are  classed  a.** 
Meiocene. 

Nothing  is  more  calculated  to  strike  the  geological  traveller  on  his 
first  visit  to  Switzerland  than  the  vast  deposit  of  the  “ Molasse,”  occu- 
pying the  central  region  between  the  Alps  and  the  Jura.  This  is  the 
country  of  tlie  great  lakes,  extending  from  that  of  Geneva  to  tliat  of 
Constance.  Tlie  level  of  those  two  lakes  is  from  1100  to  1225  feet 
above  the  sea,  that  of  the  Brienzer  Zee  is  neiirly  1800,  the  other  large 
lakes  being  of  intennediate  heights.  The  hills  by  which  these  lakes 
are  environed  have  all  the  rugged  and  broken  character  of  mountains, 
and  rise  into  peaks  of  various  altitudes  up  to  that  of  6050  feet,  Avliich 
is  the  height  of  the  Rhigi  Kulm.  Tliese  hills  which,  if  they  were  not 
overshadowed  by  the  still  loftier  Alps,  would  themselves  be  celebrated 
mountains,  are  composed  from  top  to  bottom  of  beds  of  sand  and 
gravel,  occasionally  compacted  into  sandstone  and  conglomerate,  of  more 
recent  origin  than  the  newest  beds  of  the  Isle  of  Wight.  Tlieir  thick- 
ness is  equal  to  that  of  one  of  our  Palaeozoic  groups,  the  conglomerate, 
called  Nagel-flue,  fomiing  all  the  upper  part  of  the  Rhigi,  being  itself 
stated  at  6000  feet  thick. 

The  following  groups  of  beds  are  also  classed  as  Meiocene  by  Sir 
C.  Lyell. 

Italy. — Part  of  the  beds  in  the  hill  of  Superga,  near  Turin. 

North  America. — The  sands  of  Richmond,  and  the  James  River  in 
Virginia. 

• The  great  volcanic  mountainn  of  Uie  Cantal,  and  that  of  the  Mont  Dor  in  Auvergne  are 

of  far  earlier  date,  aa  may  be  surmised  from  the  worn  and  eroded  condition  of  their  flanks, 
and  the  destmetion  of  their  central  cones  and  craters,  when  compared  with  the  perfect  stale 
of  the  volcanoes  that  are  probably  of  Meiocene  age. 
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India. — Tlie  Sewalik  formations,  which  compose  the  sul»-Himalayaii 
range  of  hills. — {L/felPs  Manual.) 

Characteristic  Fossils. — I shall  not  pretend  to  give  lists  of  these.  Sir 
C.  Lyell  says  that  tlie  fossils  of  the  “ falims”  have  a more  extra- 
European  facies  than  those  of  the  Crag  presently  to  be  described. 
They  contain  seven  species  of  CVpnea,  some  larger  than  any  Mediter- 
ranean cowry,  and  several  species  of  the  genera  Oliva,  Ancillaria,  Mitra, 
Terebm,  Pj’rula,  Ftisciolaria,  and  Conus.  Tliere  are  eight  Cones,  some 
very  large,  and  the  species  of  Nerita  are  more  like  those  of  the  tropics 
than  of  the  Mediterranean.  Out  of  290  species  of  shells  collected  by 
Sir  C.  Lyell  to  the  south  of  Tours,  7 2 only  could  be  identified  as  living 
species,  which  is  about  25  per  cent;  among  a total  of  302  in  his  pos- 
session, 45  only  are  to  be  found  in  the  Suffolk  C*rag,  or  15  j>er  cent; 
and  a similar  small  per  centage  in  the  Actinozoa  and  Polyzoa.  If  we 
compai*ed  the  fossils  of  the  “ faluns  ” with  those  of  living  British 
species,  we  should  doubtless  have  very  few  in  common,  the  living 
species  found  in  the  Faluns  being  to  be  sought  in  more  troj)ical  pro- 
vinces, while  those  of  the  Crag  have  a more  northern  “ facies  ” im- 
pressed upon  them.  The  Faluns  have  a few  terrestrial  species  of  shells, 
among  which  is  the  Helix  turonensis  and  remains  of  Mammalia  belong- 
ing to  the  genera  Deinotheriiun,  Mastodon,  Hippopotamus,  Chccropo- 
tamus,  Dichobune,  Deer,  and  others,  together  with  some  Cetaceans 
and  PhocidoD,  Liimantine,  MoriHi,  etc. — {LydVs  Manual,  p.  1 80,  etc.) 

The  very  remarkable  .animal  Deinotherium  giganteum  is  character- 
istic of  the  Meiocene  beds  of  Europe,  while  another  species,  D.  Indicum, 
has  been  found  at  Perim  Island  in  the  Gulf  of  Ciunbay,  and  at  At  lock 
in  the  Punjaub. 

In  the  Sewalik  Hills  of  India,  Dr.  Fidconer  and  Colonel  Cautley 
found,  together  with  portions  of  Mastodon,  five  extinct  elephants  (three 
of  them,  Stegodon,  intennediate  between  Elephas  and  Mastodon),  a 
Hexaprotodon  (extinct  hippopotamus),  a Chalicotherium  and  extinct 
Giraffe,  a Camel  and  large  Ostrich,  the  very  remarkable  genus  Siva- 
therium,  together  with  Carnivora  and  Monkeys,  great  Crocodiles,  and  a 
Tortoise  {Colossochdys  atlas),  the  curved  shell  of  which  was  20  feet 
across.  Fifteen  sj)ecies  of  fresh-water  shells  .also  occur,  of  which  all 
but  four  are  extinct,  giving  a percentage  of  about  25  : 100. — {Lyell' s 
iSujyplement.) 

In  North  America  are  many  shells  of  the  genera  Natica,  Fissurella, 
Artemis,  Lucina,  Chama,  Pectunculus  and  Pecten,  and  one,  Astarte  im- 
dulata,  ver)'  like  the  A.  bipartita  of  the  Suffolk  Crag.  “Out  of  147 
of  these  American  fossils,  I could  only  find  thirteen  species  common  to 
EurojH*,  and  these  occur  partly  in  the  Suffolk  Crag  and  partly  in  the 
Faluns  of  Touraine  ; but  it  is  an  important  characteristic  of  the 
American  group  that  it  not  only  contains  many  peculiar  extinct  forms, 


604 


MEIOCENE  PEKIOD. 


sucli  as  Filsus  quadricostatus  and  Venus  tridacnoides,  abundant  in  theso 
same  foniiations,  but  also  some  shells  which,  like  Fulgur  carica  ajjd 
canaliculatus,  Cal}q>tnea  costata,  Venus  mercenaria,  Mo<liola  glandula, 
and^Pecten^magellanicus,  are  recent  species,  yet  of  forms  now  coniiuwl 
to  the  western  side  of  the  Atlantic — a fact  imphung  that  some  traces  of 
the  begimiing  of  the  present  geographical  distribiition  of  Mollusca  date 
back  to  a perioil  as  remote  as  that  of  the  Meiocene  strata.” — [LjelTs 
Man  ml.,  p.  182.) 

Tlie  Tertiary  beds  of  Malta,  which  may  be  of  Meiocene  age,  contain 
among  many  others  the  following  fossils  ; — 

Foraminiftra,  Lenticulites  complanatus. 

Brachiopoda,  Terebratula  ampulla. 

Conckiftra,  Ostrsca  Virleti,  Ostraa  Bablayei,  Pecten  Brudigalensi-s. 
Gastewpoda,  Scalaria  Duciei,  Scalaria  retusa. 

Cephalopoda,  Nautilus  ziczac  ? ? 

Echinodennata,  Cl}q)easter  altus,  Schizaster  Parkinsoni,  Scutella 
suVtrotunda. 

Fiah,  Carcharodoii  megalodon,  Hemipristis  sena,  Oxyrhina  xiphodon. 
MammaUa,  Delphinus,  Halitherium. 

Life  of  the  Period. 

Space  forbids  tlie  discussion  of  this  subject  at  any  length.  I shall 
therefore  confine  my  .self  to  a few  notes  on  some  of  the  Mammalia — 
deiivcd  cliiefly  from  Professor  Owen  and  Dr.  Falconer. 

Two  Monkeys,  Pliopithecus  antiquus  and  Dryopithecus  Foniani, 
have  been  detected  in  beds  believed  to  be  Meiocene. 

The  Proboscidean  animals  came  into  existence  ; being  now  repre- 
.sented,  us  shewn  by  Dr.  Falconer  {Q,  J.  Geol.  Soc.,  vol.  xiii.),  in  their 
three  great  divisions,  Dinotherimn,  Mastodon,  and  Elej)ha.s. 

Tlie  Dinotherium  .seems  to  have  been  something  like  an  acpiatic 
eleiihant,  \\'ith  some  affinity  to  the  Tapir  in  his  teeth  ; his  tusks  growing 
with  a do\\'nward  curve  from  liis  lo'icer  jaw,  as  if  for  the  purpose  of 
grubbing  up  water  plants  (.see  fig.  in  Buckknur s Bridgewater  Treatine). 

The  Mastodons  were  like  Elephants,  but  were  of  a more  omnivorous 
chai’acter,  a.s  shewTi  by  their  rough  mammillatetl  teeth,  from  which 
they  derive  their  name.  Falconer  divides  them  into  those  wlu»se 
central*  teeth  were  crowned  wdth  three  transverse  ridges  (Trilopho- 
don),  and  those  with  four  (Tetralophodon).  He  mentions  four  Meio- 
cene sjiecies  in  Europe,  of  which  M.  (Trilophodon)  angustideusf  is  the 

* Thftt  is  the  last  of  tlieir  milk  molars  ami  the  two  first  of  their  true  molars, 
t Other  Ma.sto<lons,  l>oth  fiYun  other  countries  and  from  later  fonnations,  have  lx‘en  pre- 
\iously  referred  to  this  species,  but  Dr.  Falconer  shews  that  this  lias  been  done  by  mistake, 
and  that  the  true  M.  angustideus  is  only  Meiocene  and  £uro]wan. 
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best  kno\\*n,  and  three  in  India,  of  which  M.  (Tetralophodon)  latidens 
is  one. 

He  suMivides  the  genus  Elephas  into  three  sub-genera,  according 
to  the  structure  of  their  teeth — viz.,  Stegodon,  intennediate  between 
Mastodon  and  Elephas,  the  group  being  now  wholly  extinct ; Loxodon, 
of  wliich  the  Africiui  elephant  is  a species  ; and  Euelephas,*  of  which 
the  Asiatic  elephant  is  one.  None  of  these  api>ear  to  have  lived  during 
the  Meiocene  period  in  Europe,  but  in  India  there  were  four  species 
of  Stegodon,  which  are  all  the  species  known,  and  one  of  Loxodon, 
and  one  of  Eiielephas. 

Of  the  Cetacean  order,  Owen  describes  the  carnivorous  whale 
Zeuglodon,  of  which  some  specimens  have  been  brought  from  Malta, 
and  the  entire  skeleton,  70  feet  long,  found  in  Alabama.  The  Sirenia 
also  were  represented  by  a kind  of  Dugong  called  Halitherium. 

The  Edentata  were  also  represented  in  Europe  by  a form  inter- 
mediate between  the  Asiatic  Manls  and  African  Oiycteropus.  It  is 
called  ^Llc^)therium  from  its  great  size,  which  Cuvier  at  one  time  be- 
lieved must  have  reached  a length  of  24  feet. 

The  Deer  tribe  (Cervidae)  seem  to  date  their  existence  from  the 
Meiocene  period. 

Contemporaneous  with  these  animals  were  Carnivora,  such  as  the 
Amphicyon,  a forerunner  of  the  Plantigrade  family,  and  the  Machairodus 
(or  sabre  tooth),  fii-st  found  in  the  Meiocene  beds  of  Auvergne  and 
Epplesheim.  Some  species  were  as  large  as  a lion,  others  of  the  size 
of  a leopard,  and  their  teeth  shews  them  to  have  been  as  jKJwerful 
and  ferocious  as  those  of  our  own  time. 

Of  other  animals,  Owen  says  : — “ Our  knowledge  of  the  progression 
of  Mammalian  life  during  the  Meiocene  j)eriod  teaches  us  that  one  or 
two  of  the  generic  forms  most  frequent  in  the  older  tertiary  strata  still 
lingered  on  the  earth,  but  that  the  rest  of  the  Eocene  mammalia  had 
been  supei-seded  by  new  fonns,  some  of  w'hich  present  characters  inter- 
mediate between  those  of  Eocene  and  those  of  Pleiocene  genera.  The 
Dinotheninn  and  narrow-toothed  Mastodon^  for  example,  diminish  the 
interval  between  the  Lophiodm  and  the  Elephant ; the  Anthracotherium 
and  llippohyuB  that  between  Clueropotamus  and  Ifi'irjiopotamus ; the 
Acerotheriinn  was  a link  connecting  Pahvotherium  with  Rhinoceros  ; the 
Jlippoiherium  linked  on  Paloplotherium  with  EquusV — {Oicen's  Pal.^ 
p.  343.) 

Dr.  Falconer  points  out  that  the  Mastodon  angustidens  is  associated 

• In  Stegcxlon  a vertical  longitudinal  section  of  the  tooth  would  shew  the  thick  trans- 
verse plates  of  eiuiinel  arranged  like  gables,  with  the  space  between  each  gable  partly  filled 
with  dentine.  In  Ix)xodon  the  horizontal  section  of  the  tooth,  or  its  nuturul  surface,  shews 
the  plates  of  enamel  disposed  in  lozeugu-like  fonus,  wliilo  in  Euclephos  these  are  narrow 
tran-sverse  plates  with  imrallcl  sides. 


2 F 2 


666 


MEIOCENE  PERIOD. 


with  jKJculiar  Bpecies  of  some  of  the  above-named  Meiocene  genera,  and 
others,  such  as  Mastodon  tapiroideSj  Chalicotherium  Ooldfussii^  Anchi- 
therium  AurelianensSj  Rhinoceros  SansaniensCy  and  several  others,  at 
three  well  marked  localities,  namely,  in  the  Falunian  deposits  of 
Touraine,  in  the  iipj)er  fresh-water  Molasse  of  Switzerland,  and  in  tlie 
sands  of  Ej>j)lesheim. 

Tlie  peculiar  assemblage  of  sj^ecies  in  these  cases  shews  that  the 
animals  were  contemjwiaries  during  the  Meiocene  period,  and  that 
their  remains  may  be  taken  as  characteristic  Meiocene  fossils.  If  that 
be  taken  as  granted,  it  would  seem  that  the  superficial  and  recent  look- 
ing torrential  deposits,  described  by  if.  Gaudry  as  being  found  in  the 
Pikermi  valley,  at  the  foot  of  Pcntolicus,  four  hours  north-east  of  Athens, 
must  be  of  Meiocene  age,  since  they  contain  numerous  bones  of  the 
above-mentioned  animals  and  others,  such  as  Helhulotherium,  Metarctos, 
and  Tlialassictis. — {D'ArchiaCy  Comptes  renduSy  Nov,  11,  1861). 

In  speaking  of  many  of  the  extinct  genera  and  species  of  animals 
as  fonuing  links  between  our  existing  fonns,  we  must  never  forget  that 
the  linng  fonns  are  not  the  tA*j>es,  but  the  variations  from  the  types. 
Mr.  Woodward,  in  his  Manual  of  the  MoUusca,  well  observes  Uiat  “ a 
three-toed  horse  (Hippotherium)  would  now  be  looke<l  on  as  a lusui 
naturae,  but  in  truth  the  ordinary  horse  is  far  more  wonderfuL”  We 
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are  apt  to  assume  that  the  forms  watli  which  we  are  most  familiar  are 
the  most  simple  and  natural,  but  the  scientific  naturalist  often  finds 
some  extinct  form  os  the  simple  archetype  fn)m  which  numerous  others 
have  dejxirted  more  and  more  by  A^ariation  and  combination  of  pails  in 
subsequent  periods.  Hence  we  often  have  to  speak  of  extinct  animals 
lus  holding  an  intennediate  place  between  some  existing  forms. 


CHAPTEE  XXXYII. 


THE  PLEIOCENE  PERIOD. 

Op  this  period  we  again  have  representatives,  though  small  ones,  in  the 
British  Islands.  On  examining  Professor  Ramsay’s  Geological  Map  of 
England  and  Wales,  it  will  he  seen  that  the  chocolate  colour,  num- 
bered 22,  representing  the  Lower  Eocenes,  is  covered  in  the  Hampsliire 
basin  by  lighter  tints,  numbered  23  and  24,  representing  the  Middle 
and  Upper  Eocenes.  Patches  of  the  Middle  Eocene  colour  occur  also  to 
the  west  of  London  ; but  on  tracing  the  dark  colour  north-eastwards 
into  Suffolk,  it  is  covered  by  a deposit,  denoted  by  a different  tint,  and 
numbered  25.  This  deposit  not  only  lies  on  these  Lower  Eocene  beds, 
but  overlaps  and  stretches  beyond  their  termination  on  to  the  Chalk  of 
Norfolk.  Tliese  uppermost  beds  consist  of  an  assemblage  of  sands  and 
gravels,  which  ai*e  locally  tenned  Crag,  and  they  have  lately  been  divided 
into  three  groups,  on  account  of  the  different  assemblages  of  organic 
remains  which  they  contain.  Two  of  these  may  be  assigned,  without 
doubt,  to  the  Pleiocene  period,  as  containing  a plurality  of  recent  si)ocies, 
tliough  still  mingled  with  a large  minority  of  extinct  forms. 


Typical  Groups  of  Rock.. 

Britain. — Tlie  two  Pleiocene  groui>s  are  the  follo'wing  : — 

Foot. 

2.  Red  Crag  ......  50 

1.  Coralline  Crag  .....  40 

1.  The  Coralline*  Crag  is  composed  chiefly  of  soft  marly  sands 
of  a white  colour,  sometimes  speckled  with  green, containing  occa.sionally 
thin  bands  of  flaggy  limestone.  It  is  generally  about  20  feet,  but  some- 
times as  much  as  50  feet  in  thickness.  Near  Ip.s\NUch  it  has  been  de- 
nuded, and  the  Red  Crag  is  seen  to  lie  in  the  hollows  that  have  been 
eroded  in  it,  which  is  the  only  direct  evidence  of  the  superposition  of 
the  Red  Ci*ag  on  the  Comlline  ; otherwise  they  lie  side  by  side,  the 

• It  appears  that  this  term  Coralline,  although  now  settled  hy  usage,  was  in  reality  a 
mistake,  inasmuch  as  true  Corals  are  rare  in  the  Crag,  and  the  coral-like  bodies  found 
abundantly  in  the  “ Coralline,”  but  not  entirely  absent  from  the  “Red”  Crag,  are  not  in 
reality  Actitwzoa  but  Polyzoa.~-{Pal<eontog.  Soc.,  Edwards  and  Haime). 
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Coralline  Crag  being  confined  to  a strip  of  country  twenty  miles  long  by 
three  or  four  wide,  stretching  through  Ipswich  from  the  Stour  river  to 
the  Aide  river. 

2.  The  Red  Crag  consists  of  beds  of  red  quartzose  sands  ami 
gravel,  with  accumulations  of  rolled  shells.  It  is  very  variable  in  cha- 
racter, sometimes  regularly  stratified,  sometimes  more  confused. 

Both  groups  resemble  the  deposits  which  we  may  now  suppose  to  be 
taking  place  in  the  shallow  bed  of  the  German  Ocean. 

Characteristic  Fossils  of  the  CoralUne  Crag. 

Foraminifera. 

Operculina  complanata. 


FomU  Group  No.  46. 

Coralline  Crag  Fussils. 

a.  Echinus  Woodwardii.  d.  Astarte  Oraalii. 

b.  Temnechinua  exenvatus.  e.  Cardita  senilis. 

c.  Torcbnitula  grandis.  /.  VolutA  Lemberti. 

Actinosoa. 

Flabellum  Woodii  . . . . Br.  Foss.  Cor. 
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Polyzoa. 

Cellepora  cellulosa  .... 

Busk’s  Crag.  Pol.* 

Theonoa  globosa  .... 

Ibid. 

Brachiopoda. 

Terebratula  grandis  (aiid  Retl  Cr.)  . 

Foss.  gr.  46,  c. 

Conchifera. 

Astarte  Omalii  (and  Red  Cr.) 

Foss.  gr.  46,  f/. 

Cardita  seiiilis  (and  Red  Cr.) 

Fos.s.  gr.  46,  e. 

Coral  liophaga  cyprinoides 

Wo(k1,  Crag  Mol.t 

Cypriiia  nistiai  ..... 

Tab.  View. 

Ostraca  prmceps  (and  Red  Cr.)  . 

Wood,  Crag  Mol. 

Pecteu  Gerardi  ..... 

Tab.  View. 

Gasteropoda. 

Bullaea  sculpta  ..... 

Wood,  Crag  Mol. 

Cassidaria  bicatenata  .... 

Tab.  View. 

Voluta  Laniberti  ..... 

Foss.  gr.  46,  /. 

Echinodermata. 

Coniatula  BroAVTiii  ..... 

Forbe.s,  Ter.  Ecli. 

Echinus  Woodwardii  .... 

Foss.  gr.  46,  a. 

Temnechiniis  excavatiia  .... 

Foss.  gr.  46, 

CharncteriHic  Fossils  of  the  Rt  d Cray. 


Foraminifera. 


Polymorpliina  communis  . 

(Living.) 

Actinozoa. 

Balanophyllia  caly cuius  .... 
Echinocyamus  pusillus  .... 

Foss,  gr.  47,  a. 
Foss.  gr.  47,  b. 

Conchifera. 

Artemis  lentilbrmis  .... 

Astarte  obliquata  ..... 
Canlium  angustatum  .... 

Mactra  constricta  ..... 
Pecten  plebeiiw  . . . . ‘ . 

Pectunculus  variabilis  .... 

Tab.  View. 
Foss.  gr.  47,  c. 
Foss.  gr.  47,  d. 
Foss.  gr.  47,  c. 
Tab.  View. 
Tab.  View. 

Gasterojyoda. 

Columbella  sulcata  ..... 
Cancelloria  costellifera  .... 

Foss.  gr.  47,/. 
Tab.  View. 

• Busk's  Polyzoa  of  the  Crag,  Pal.  Soc. 
t The  Mullusca  of  the  Crag,  by  Mr.  Scarlc.s  Wootl, 

Pal.  8oc. 
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Fasus  antiquus 

contrarins 

Nassa  reticosa 
Natica  heiuiclausa 
Purpura  totragona 
Scalaria  Grocnlandica 


Tab.  View. 
Tab.  View. 
Foss,  gr.  47,  C 
Foss,  gr.  47, 
Foss.  gr.  47,  6. 
(Living). 


(I.  BalanophylUa  calycnlus. 
fi,  Ek^liiuuoyutims  pusillus. 
c.  Astarte  obliqaata, 
fi.  Cardiuin  anguatatiim. 
c.  Mactra  constricta. 


Foaail  Group  No.  47. 

Red  Crag  fossils. 

/.  Colunil>cUa  sulcata. 
g.  Natica  liemJoIausa. 

k.  Purimra  tetragoua. 

l.  Nassa  reticosa. 


Mammalia. 

Bjilrunotlon  oiuarginatus  (ear-bones) 
Felis  jmrdoides 

Mastoilon  Arvemensis  (angustidens) 


Tab.  View. 

Owen,  Fuss.  Mani. 
Ibid. 


Tlierc  are  many  fossils  common  to  tbe  Coralline  and  Red  Crags. 
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some  of  which  lived  in  both  periods,  but  others  may  possibly  have  been 
washed  as  fossils  from  the  Coralline  into  the  Red  Crag.  There  are  also 
fossils  common  to  the  two  Ciugs  and  to  more  recent  deposits,  and  it  is 
obviously  likely  that  the  still  existing  sj>epies  found  in  either  of  the 
Crags  will  also  be  found  in  any  or  all  subsequent  deposits,  either  in  the 
British  area  or  elsewhere,  according  to  their  subse<iuent  migrations. 

Of  the  living  sj)ecies  that  are  found  in  the  Red  Crag  but  not  in  the 
Coralline  or  any  earlier  deposit,  it  is  noteworthy,  that  they  have  a 
rather  more  northern  character  than  the  fossils  of  the  Coralline  Crag 
have,  many  of  them  still  inliabiting  our  own  coasts.  Others,  however, 
with  many  of  the  living  species  of  the  Coralline  Crag,  are  now  only  to 
be  found  in  more  southern  seas. 

Anticer]^ — Sir  C.  Lycll  {Manu<ily  p.  174)  describes  strata  aroimd 
Antwerp  and  on  the  banks  of  the  Scheldt  below  that  city,  containing 
200  species  of  shells,  of  which  two-thii-ds  are  the  same  as  those  of  the 
Crag  of  Suffolk.  More  than  half  are  living  species,  principally  belong- 
ing to  the  Celtic,  though  some  are  Lusitanian  (Mediterranean)  species. 

jVonnandf/. — Tlie  same  authority  mentions  a imtch  of  Crag  near 
Valognes  in  Normandy,  and  at  other  places,  extending  to  a little  south 
of  Carentan,  but  none  farther. 

Italt/. — The  sub-Apennines,  or  low  hills  intervening  between  the 
A]>en nines  and  the  sea,  on  each  side  of  Italy,  are  made  of  Tertiary 
strata,  of  which  part  are  of  Miocene,  part  of  Pliocene,  and  part  of  a still 
more  recent  period.  The  beds  of  Asti  aud  Panua,  and  the  blue  marl 
of  Sienna,  which  near  Parma  is  2000  feet  thick,  over  w'hich  are  yellow 
sands  and  conglomerates  formed  on  the  shallowing  of  the  sea,  belong  to 
this  pericKl,  as  do  the  Tertiary  marine  beds  forming  the  base  of  the 
seven  hills  of  Rome. 

S.  Russia. — Sir  R.  I.  Murchison  and  M.  de  Verneuil  describe  lime- 
stone and  sands  rising  occasionally  to  the  height  of  several  hundred 
feet  above  the  sea  around  the  coasts  of  the  Caspian  and  Aral  seas,  and 
the  North-western  parts  of  the  Black  Sea,  as  belonging  to  this  period. 
They  call  them  the  Aralo-Caspian  formation.  The  fossils  are  partly 
fresh-water,  partly  marine. — {Oeology  of  Russia.) 


Life  of  the  Period. 

It  will  l)e  best  not  to  attempt  to  discuss  this  problem  with  resi>ect 
to  this  j>eriod  only,  but  to  give  a summary  of  what  is  known  of 
Pliocene  and  Pleistocene  life  at  the  close  of  tlie  next  chapter. 


CHAPTER  XXXVIII. 
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Without  attempting  to  draw  any  verj'  nice  or  accurate  distinctitux 
between  the  dei)osits  of  this  and  the  ]>n'ceding  period,  we  may  Uike, 
us  a rough  definition  of  the  Pleistocene  dejwsits,  “ those  in  wliich  more 
than  three-fourths  of  the  fos.sils  are  of  exi.sting  species.” 

Typical  Groups  of  Rock. 

Britain. — Norwich,  or  Maimnaliferom  Crarj. — There  iire  in  the 
neighbourhood  of  Norwich  certain  beds  of  sand  and  gravel  which  g<j 
by  the  name  of  Crag,  a.s  well  as  the  earlier  deposits  described  in  the 
])receding  chapter.  They  con Udn  both  fresh- water  and  marine  shell.<, 
and  the  bones  of  Mammalia,  especially  those  of  Ele]>hant.s,  imd  a 
Ma‘<t(;don,  which,  accoixling  to  Dr.  Falconer,  unite  it  clo.sely  with  the 
Red  Crag.  Mya  lata  and  Nucula  Cobboldise  [Tab.  I7ejr),  are  two  extinct 
shells  found  in  those  beds. 

Ili(]k  Iji'vel  (Jraveh. — In  the  south  of  England  the  higher  grounds 
are  covered  by  a dejajsit  of  sand  and  gravel,  consisting  largely  of  rolled 
clialk  Hints.  It  is  bidieved  that  this  dept^sit  wivs  sjn-ead  out  on  the 
surface  of  the  ground  before  the  formation  of  the  present  valleys. 

No  fossils  have  been  found  in  the  high  level  gravels,  and  Mr. 
Godwin  Austen  supposes  that  they  may  be  of  any  age  between  that 
of  the  upj)cnnost  Eocenes  and  the  Crag.  (See  his  paper  On  the  ter- 
tian/ dejmits  of  the  iSi(S8e.v  Coast,  etc.,  Q.  J.  Oeol.  iSoc.,  vol.  xiii.  p. 
70.) 

Glacial  Deposits. — Drift,  Northern  Drift,  Bondders  and  Boulder 
Clay  or  Till,  Erratic  Blocks,  Limestone  Gravel  and  Eskers  of  Ireland, 
Karnes  of  kkotland. — Over  the  lower  lands  of  Scotland  and  Ireland,  and 
the  northern  part  of  England,  as  far  south  a.s  Cambridge  and  Essex,* 
and  the  northem  margins  of  the  Thames  valley,  there  are  supeihcial 
dc]K)sits  of  much  interest,  which  go  by  the  diflerent  names  mentioned 
above. 

Drift  Gravels. — Tliis  is  a tenn  a little  liable  to  mislead,  l>ecjiU8e 
some  of  the  superficial  gravels  of  the  Midland  Counties  of  England  are 
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the  slightly  inclined  outcrops  of  the  unconsolidated  conglomerates  of 
the  New  Red  Sandstone.  Others  again,  are  believed  to  be  gravels  of 
the  Crebiceous  or  other  periods. 

Boulder  Cla^  or  Till. — Tliis  deposit,  however,  is  not  at  all  likely  to 
be  confoundetl  with  any  other.  It  consists  of  a mass  of  unstratified 
dark  chocolate  bro>\Ti  clay,  or  sometimes  red  clay,  with  blocks  and 
lioiUders  of  stone  stuck  in  it  promiscuously,  the  whole  seeming  to  be 
the  result  of  an  irregular  pell-mell  hurrying  forward  and  deposition 
of  the  materials. 

Beds  of  simd  and  gravel,  however,  occur  in  it  here  and  there  con- 
taining shells.  Mr.  James  Smith,  of  Jordan  Hill,  mentions  some,  near 
Glasgow,  uj>  to  heights  of  more  than  500  feet  above  the  sea,  some  of 
the  shells  being  of  northern  or  arctic  sj^ecies  {Q.  J.  O.  /SI,  vol.  xii.,  p.  386). 
Sea  shells  Imve  also  been  found  in  it  in  other  localities  in  England  and 
Wales,  and  some  belonging  to  this  deposit  were  foimd  by  the  late  Mr. 
Trimmer  on  Moel  TiyTaen,  near  Bangor,  at  a height  of  1400  feet  above 
the  sea. 

Professor  Ramsay  describes  the  drift  of  Caemarv'onshire  as  stretching 
udth  a gentle  sloiw  up  the  valleys  of  the  mountains  of  Snowdonia,  even 
to  heights  of  2300  feet  {Q.  J.  G.  /S'.,  vol.  viii.,  p.  372),  precisely  in  the 
same  way  that  similar  deposits  occur  in  the  mountain  valleys  of  Ireland. 

The  shells  found  in  these  glacial  deposits  are  mostly  living  S})ecie8, 
but  some  of  them  now  live  only  on  the  coasts  of  Iceland,  Greenland, 
or  Spitzbergen,  while  others  are  such  as  are  found  on  the  northern 
coasts  of  our  own  islands. 

The  boulders  or  roimded  blocks  of  rock  are  usually  derived  from 

phices  to  the  northward  of  the  spots  where  they  are  now  found,  and 

sometimes  verv  far  to  the  northward.  Blocks  of  Scotch  rocks  are  found 
«/ 

in  England.  Blocks  of  rock  readily  identifiable  ■with  those  existing  in 
situ  in  Cimiberland  and  Westmoreland,  may  be  traced  in  enormous 
abundance  through  Lancashire,  Cheshire,  and  Shropshire,  gradually 
dying  away  in  Worcestershii-e  and  Gloucestershire.  Tliey  may  be 
found  buried  in  the  Boulder  Clay,  as  far  as  that  extends,  and  also  loose, 
scattered  over  the  country,  on  the  hill  tops  or  in  the  valleys,  and 
sj)reading  high  up  on  to  the  flanks  of  the  Welsh  moimtains  on  the  one 
hand,  and  on  to  the  flanks  of  the  Pennine  chain  that  runs  from  Derby- 
shire into  Scotland,  on  the  other.  Wasdale  Crag,  near  Shap,  is  formed 
of  a very  j>eculiar  porjdiyritic  Granite  with  large  cr}'stals  of  red 
feldspar ; and  blocks  of  this,  together  with  many  other  kinds  of  rock, 
have  been  carried  across  the  deep  vale  of  Eden  on  to  the  flanks  of  the 
Pennine  chain,  and  even  across  it,  especially  over  the  pass  of  Stane- 
moor,  which  is  1440  feet  above  the  sea,  but  is  right  opposite  Wasdale 
Crag.  Thence  they  have  been  distributed  over  the  lower  parts  of 
Durham,  and  down  the  vale  of  York,  to  the  east  coast  of  England. 
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Phillips  mentions  also  a curious  conglomerate,  called  “ brockran,”  lying 
in  the  New  Red  or  Pennian  rocks,  in  the  bottom  of  the  vale  of  Eden, 
blocks  of  which  have  also  been  lifted  up  and  carried  over  Stanemoor. 
— {Philliptfs  Manual,  p.  422.) 

The  direction  in  wliich  the  blocks  of  rock  have  been  carried  is  not 
always  due  south,  although  the  prevailing  direction  is  southerly.  They 
sometimes  have  travelled  even  towards  the  north,  both  in  the  north 
and  centre  of  England.  Blocks  of  Cumberland  rocks  have  been  carried 
across  the  Solway  Frith  into  Scotland,  according  to  Professor  Sedgwick, 
and  I have  seen  blocks  of  the  Chamwood  forest  rocks  in  Leicestershire, 
a few  miles  to  the  north  of  the  forest,  although  they  are  not  so  laige, 
so  numerous,  or  so  far  travelled  as  those  which  may  be  found  to  the 
south  of  it. 

Ireland. — ^Tlie  centre  of  Ireland  is  chiefly  a great  plain  of  Carboni- 
ferous limestone,  partly  surrounded  by  several  groups  -of  lofty  hills, 
composed  of  the  older  rocks,  which  rise  from  beneath  the  limestone. 
Tlie  hiUs  to  the  south  of  tliis  plain  have  every  height,  up  to  3000 
feet  above  the  sea.  Other  hills,  rising  to  heights  of  800  and  10(»0 
feet,  are  composed  of  Coal-measures  lying  on  the  limestone  ; these  are 
surrounded  by  valleys  which  are  branches  of  the  limestone  plain.  Tlie 
general  level  of  the  limestone  plain  is  from  100  to  300  feet  alx)ve  the 
sea,  only  a few  isolated  hills  of  limestone  in  the  interior  of  the  country 
rising  to  as  much  as  500  or  600  feet. 

The  low  countiy^  is  largely  covered  by  a widely  spread  mass  of 
Drift,  consisting  of  dark  sandy  clay,  ^^’ith  pebbles  and  blocks,  and  occa- 
sional beds  of  sand  and  gravel,  sometimes  very  regularly  stratified.  The 
great  majority  of  the  pebbles  are  rounded  fragments  of  Carboniferous 
limestone,  whence  the  deposit  usually  goes  by  the  name  of  the  Lime- 
stone gravel. 

Tliis  deposit  rests  not  only  on  the  limestone,  but  sweeps  up  on  to 
the  flanks  of  all  the  hills,  both  those  which  are  made  of  the  Lower 
Palaeozoic  rocks  and  those  formed  of  the  Coal-measures.  In  each  ca.«e 
the  Limestone  gravel  becomes  largely  mingled  with  the  detritus  of  the 
rocks  of  which  the  hUls  are  made,  and  sometimes  to  such  an  e.xtent 
that  the  local  rocks  assume  a decided  preponderance,  and  occasionally 
compose  almost  the  whole  of  the  deposit 

The  Limestone  gravel  is  found  in  considerable  abundance,  however, 
and  almost  entirely  composed  of  limestone  pebbles,  up  to  heights  of 
1200  feet  on  the  Gmnite  mountains  south  of  Dublin  (see  Explanation 
of  sheets  102  and  112,  Geol.  i^c.  Jc*«r.,  and  paper  by  Mr.  KeUy  in 
J.  Geol.  Soc.  I>ub.,  vol.  vi.)  In  the  lower  part  of  Glenismaule,  from 
wliich  the  river  Dodder  issues  on  to  the  plain,  and  also  on  the  shore  at 
Salthill,  near  Kingsto^m,  and  at  other  places,  it  is  bound  into  a firm 
conglomerate  by  veins  of  fibrous  arragonite. 
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Tlie  Limestone  gravel  spreads  across  the  lower  part  of  the  Granite 
range,  and  nma  dowTi'by  Bray  into  the  County  Wicklow,  where  it  is 
covered  by  beds  of  sand  and  marl  that  spread  through  Wicklow  and 
Wexford  over  all  the  low  grounds  between  the  moimtains  and  the  sea 
coast.  In  the  recent  railway  cutting  near  Wicklow,  I found  (in  1861) 
blocks  of  limestone,  a foot  in  diameter,  in  clay  in  the  low’er  part  of  the 
cutting.  This  clay  formed  a mass  forty  or  fifty  feet  thick,  wdth  sand 
over  it  and  on  each  side  of  it,  which  contained  layers  of  small  lime- 
stone pebbles,  and  also  broken  pieces  of  lignite.  The  sand  might 
possibly  be  of  subsequent  origin,  and  the  limestone  pebbles  derived 
from  the  clayey  Drift.  The  Large  pebbles  of  the  beach,  however,  which 
now  fronts  the  shore  of  Wicklow  for  at  least  ten  miles  from  Greystones 
to  Wicklow  Harbour,  are  principally  of  dark  limestone,  and  seem  to  be 
now  continually  travelling  from  north  to  south  along  the  shore. 

Chalk  flints  and  pieces  of  hard  Antrim  chalk  are  found  in  the  Drift 
in  the  counties  of  Dublin  and  Wicklow  up  to  heights  of  one  or  two 
hundred  feet,  and  along  the  whole  eastern  and  southern  coast  of  Ireland, 
at  least  as  far  as  Ballycotton  Bay  on  the  coast  of  Cork. 

Fragments  of  sea  shells  are  found  in  the  Limestone  gravel  in  Glenie- 
maule,  near  Dublin,  and  also  in  the  Dargle  valley  and  in  the  valley 
west  of  the  Sugar  Loaf,  and  south  of  Enniskerry,  county  Wicklow,  up 
to  heights  of  600  or  600  feet,  but  they  have  not  yet  been  recorded 
from  any  greater  height. 

They  are  found  in  greater  abundance  and  much  better  preservation 
in  the  sands  and  marls  which  overlie  (or  form  the  upper  jxirt  of)  tlie 
Limestone  gravel  through  the  lower  parts  of  the  county  of  Wexfoi*d  (see 
Appendix  to  Edward  Forbes’s  paper  on  Fauna  and  Flora  of  British 
Jsles,  Mems.  Geolog.  Sur.,  vol.  i.)  Tliey  are  also  to  be  found  in  the 
gravels  of  the  more  central  parts  of  Ireland,  as  at  Balljonore  Eustace  in 
Kildare,  as  I am  informed  by  Mr.  R.  Callwell.  Like  the  shells  of  the 
drift  deposits  in  England,  they  are  almost  all  of  existing  species,  gene- 
rally with  a northern  or  Arctic  or  Boreal  facies.  But,  in  the  southern 
part  of  Wexford,  Colonel  Sir  H.  James  fonnerly  found  fragments  of 
shells  {JVucula  Colboldii^  Fusus  contrarius^  Turritella  incrassata,  and  a 
Mitra  allied  to  a Spanish  species)  which  make  it  probable  that  the  limit 
of  the  northern  species  ran  thereabouts,  and  that  the  Boreal  province 
here  touched  on  the  Lusitanian  province  (so  to  speak)  of  the  Pleistocene 
period. 

A widely  spread  mass  of  limestone  gravel,  probably  not  less  than 
1 00  to  1 50  feet  thick,  fonus  the  gently  swelling  tract  known  as  the 
CuiTagh  of  Kildare. 

The  Coal-measure  hills  of  Castlecomer  coalfield  have  the  Limestone 
gravel  on  tlieir  flanks,  and  also  i.solated  patches  of  it  with  blocks  of 
limestone  of  a foot  or  more  in  diameter  in  hollows  on  the  top  of  the 
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table  land  at  heights  of  us  much  as  7 00  and  even  1 000  feet  above  the 
sea  (see  Explanations  of  sheets  128,  137,  and  146  Geol.  Sur.  /r.) 

Other  spaces  at  lower  levels  are  quite  free  from  any  Drift,  and  it  is 
doubtful  ill  these  cases  whether  the  Drift  was  deposited  in  local  patches 
or  whether  it  once  formed  a general  covering  to  the  country,  and  has 
since  been  in  part  removed  by  denudation. 

Limestone  gravel,  often  with  large  blocks  wdiich  are  picked  out  by 
the  farmers  and  burnt  for  lime,  is  found  high  up  on  the  northern  flanks 
of  all  the  hills  of  tlie  south  of  Ireland,  such  as  the  Knockmealdon,  the 
Galtees,  the  Slieve  Bloom,  the  Keeper  group,  and  the  Slieve  Bemagh, 
and  Slieve  Boughta  hills.  In  some  cases  the  blocks  are  very  large,  Mr. 
O’Kell V mentions  one  of  25  ft.  x 15  ft.  x 5 on  the  Coal-measures  near 

V 

Killenaulc  (Explanation  146).  Mr.  Wynne  gives  a sketch  of  one 
21  ft.  X 9 ft.  X 7^  resting  on  Silurian  slate,  at  a height  of  890  feet, 
near  Monoygall  (Explanation  135.)  Mr.  Du  Noyer  (in  Explanation  184) 
gives  a sketch  of  that  known  as  Cloghvorra,  near  Kemnarc,  which  mea- 
sures 26  ft.  X 16  ft.  X 15  ft.,  and  rests  upon  Old  Red  Samlstone,  but 
may  be  derived  from  the  limestone  in  the  valley  below.  Others  are  to 
be  found  in  the  valley  under  Caherconreagh,  in  the  Dingle  promontory. 

In  a recent  examination  of  Glenbarrow,  on  the  north  flank  of  the 
Slieve  Bloom  mountains,  with  Mr.  O'Kelly,  I was  much  struck  with  the 
facts  to  be  observed  respecting  the  Drift.  Tliese  hills  are  conqxised  of 
Lower  Silurian  rocks  covered  by  Old  Red  Sandstone,  and  they  slope 
gently  doum  from  heights  of  about  1600  feet  to  the  limestone  plain 
tliat  stretches  as  far  as  the  horizon  around  them  to  the  we.st  and  north, 
and  is  only  terminated  towards  the  east  by  the  Coal-measure  hills  of  the 
(.’astlecomer  coalfield,  distant  about  ten  miles.  All  the  valleys  of  the 
Slieve  Bloom  seem  once  to  have  been  completely  filled  A\*ith  the  great 
Drift  deiiosit,  rising  with  a gentle  slope  from  the  plain  up  nearly  to  the 
heads  of  the  valleys.  Tlie  present  rivers  have  excavated  channels  fi>r 
themselves  either  through  this  Drift,  or  between  it  and  the  solid  rock, 
leaiung  the  gently  sloping  surface  of  the  Drift  often  most  distinctly 
marked  along  the  flanks  of  the  more  abruptly  rising  hills  on  each  side 
of  the  valleys.*  In  some  cases  the  lower  part  of  the  drift  is  composed 
of  the  Limestone  gravel,  which  is  however  verj^  clayey,  but  contains 
both  well  rounded  pebbles  and  subangular  blocks  of  limestone  in  great 
abundance.  Over  this  come  beds  of  fine  sand  and  gravel,  very  regu- 

Tliis  niipearnncc  is  general  in  Ireland  in  all  the  mountain  valleys,  and  ni.ay  be  sei^n 
very  chamcteristically  in  Glcnismaule  and  the  adjacent  valleys  near  Dublin.  The  steei<;r 
hills,  as  they  descend  into  the  valleys,  are  met  by  gently  sloping  platoaua  of  Drift,  forming 
inclined  planes  from  the  heads  of  the  valleys  towards  their  mouths,  those  inclined  planes 
seeming  once  to  have  stretched  continuously  acro.ss  the  valleys,  but  being  now  deeply 
trenched  by  the  ravines  at  the  lx)ttom  of  which  the  present  brooks  ruiu  Tljey  have  no 
analogj'  with  moraines,  and  in  Glcnismaule  the  drift  contains  fragments  of  sea-shells  near 
the  mouth  of  the  valley. 
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larly  stratified,  derived  apjxvrently  from  the  local  rocks,  with  compara- 
tively little  limestone.  In  some  places  tins  local  deposit  (which  may 
be  partly  of  atmospheric  origin  perhaps)  entirely  conceals  the  Limestone 
Drift  below,  except  where  the  brooks  cut  deeply  down  into  it. 

In  other  cases  the  lower  part  of  the  Drift  is  formed  of  the  local 
rocks,  and  the  Limestone  Drift  occurs  over  it.  One  long  escarpment 
of  Drift  in  Glenlxirrow,  where  the  river  is  at  a height  of  alx>ut  800 
feet  above  the  sea,  and  three  or  four  miles  from  the  limestone  plain, 
shewed  clifl's  of  Drift  120  feet  high,  all  reguLuiy  stratified,  the  upper 
fifty  feet  consisting  of  coarse  Drift  with  limestone  boulders,  under- 
neath which  were  beds  alx)ut  20  feet  thick,  of  verj'  fine  laiuinatcnl 
sand,  and  below  that  coarse  nibbly  Drift  of  sand  and  fragments,  with 
angular  blocks  of  Old  Red  Sandstone  three  feet  in  diameter.  The  rock 
l>eloAv  the  Drift  wa.s  Old  Red  Sandstone,  which  seemed  to  have  suiferctl 
considerable  erosion  and  local  decomposition  before  the  Limestone  Drift 
was  brought  into  the  valley.  The  escarpment  of  the  Drift  was  a nearly 
vertical  clilf,  being  continually  undermined  by  the  river,  which  seemed 
to  have  cut  down  along  the  sloping  surface  of  the  solid  rock  which 
formed  the  opjwsite  side  of  the  valley  deeper  and  deeper  into  the  Drift, 
and  to  be  now  working  slowly  to  deal-  its  old  valley  of  this  recent 
deposit.  I saw  limestone  blocks  both  in  the  Drift  and  loose  in  the 
river  bed  up  to  heights  of  1260  feet  in  this  glen  ; and  Mr.  O’KeUy 
assured  me  that  he  found  small  pieces  of  limestone  and  fragments  of 
black  chert,  such  as  is  found  only  in  the  limestone,  even  on  the  tops  of 
the  hills,  above  the  level  of  any  other  Drift. 

The  obser\^ed  facts  Avould  agree  Avell  Avith  the  supposition  that  the 
whole  country  had  been  once  covered  with  a thick  deposit  of  Drift 
that  sloped  up  on  to  the  fianks  of  the  hills  to  a much  greater  height 
than  it  had  on  the  Ioav  ground,  and  to  a stiU  greater  height,  perhaps, 
in  the  A-^alleys,  Avhich  would  catch  a greater  quantity  of  it,  and  then 
that  as  the  country  rose  above  the  sea,  much  of  this  loose  superficial 
deposit  had  been  removed  from  the  outside  slopes  of  the  hills,  and  a 
good  deiil  carried  away  from  the  plains,  esj)ccially  from  off  the  sum- 
mits of  the  lesser  outlj-ing  eminences  that  rise  from  that  plain,  Avhile 
the  part  that  had  filled  the  bottoms  of  the  valleys  was  chiefly  left  in 
them,  and  is  only  noAv  in  process  of  remoA’’al  by  the  brooks  that  began 
to  fonn  {ts  the  ground  rose  again  above  the  sea,  and  have  ever  since  ran 
down  these  A’^alleys. 

That  these  deposits  were  formed  under  the  sen,  notAAithstanding  the 
absence  of  sea  shells  from  the  greater  part  of  them,  and  especially  their 
upper  jmrt,  I cannot  have  the  slightest  doubt ; since  it  is  impossible  to 
conceive  how  limestone  pebbles  and  boulders  can  have  been  carried  wp 
into  the  hills  for  so  many  miles  and  for  so  many  vertical  feet  except  by 
water  transport.  These  conclusions  are  quite  in  accordance  wfith  those 
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of  Professor  Ramsay  in  his  jmper  on  the  Drift  of  North  Wales,  before 
quoted  {Quart.  Jour.  Geol.  Soc.y  vol.  viii.) 

Boulders  of  the  Leinster  Oranite. — ITie  Leinster  Granite,  occupying  the 
position  already  described  at  p.  310,  sends  off  boulders  in  all  directions 
except  the  north,  but  chiefly  towards  the  south-east  In  the  Liiggala 
Glen,  running  partly  between  the  Granite  and  the  adjacent  rocks,  great 
blocks  of  Granite  are  perched  by  hundreds  on  the  rugged  cliffs  of  Mica 
schist  on  the  east  side  of  the  glen,  or  that  facing  the  Granite,  and  are 
strewed  over  all  the  country,  whether  on  the  hill  tops  or  in  the  valleys, 
bettt'een  the  Granite  and  the  sea.  The  largest  of  these  blocks  that  I 
ever  ineiisured  was  an  angular  block  lying  in  a field  a little  l>elow  Anna- 
golan  Bridge,  on  the  north  side  of  the  Vartry  river,  in  the  toT'Tiland  of 
Boleynass  Upper.  It  mea.suix*d  27  feet  in  length,  about  15  in  width, 
and  rose  1 1 feet  out  of  the  ground.  Its  circumference  was  82  feet.  It 
rested  on  the  Cambrian  slates  and  grits,  at  a distance  of  about  six  miles 
from  the  nearest  Granite  in  situ,  and  on  ground  having  a height  of  620 
feet  alx)ve  the  sea.  Between  this  block  and  the  Granite  hills  is  the  deep 
and  ragged  ravine  of  the  Anamoe  river,  the  high  ridge  that  runs  down 
from  Douce  mountain  on  the  east  of  that  ravine,  and  the  wide  flat  of  the 
Vartry  valley  below  Round  wood.  Many  other  cuboidal  and  angular 
blocks,  measuring  fifteen  or  twenty  feet  in  the  side,  may  be  found  on 
neighbouring  hills,  and  the  valleys  are  full  of  smaller  rounded  boulders. 
Blocks  of  Granite,  with  a diameter  of  three  or  four  feet,  rest  on  the 
Cambrian  rocks  at  the  top  of  Bray  Head,  at  a distance  of  five  miles 
from  the  nearest  Granite  in  situ,  and  separated  from  it  by  several  deep 
valleys  (see  fig.  108). 

Boulders  of  the  Gahmi/  Granite. — The  Granite  which  occupies, 
according  to  Sir  R.  Griffith’s  map,  so  large  a portion  of  ground  on  the 
north  side  of  Galway  Bay,  is  easily  recognisable,  inasmuch  as  it  con- 
tains hornblende  instead  of  mica,  and  is  therefore  a syenitic  Granite,  and 
has  large  crystals  of  pinkish  feldspar,  and  is  therefore  porphyritic. 
Blocks  of  it  may  be  found  scattered  over  all  the  country  to  the  south  of 
the  Bay,  tlirough  Clare  and  Limerick  and  the  adjacent  counties,  as  far 
south  as  Mallow  in  the  comity  Cork,  a distance  of  about  a hundred 
miles  in  a straight  line.  Many  blocks  of  two  or  three  feet  in  diameter 
may  be  found  in  the  country  about  Nenagh,  and  on  both  flanks  of  the 
Slieve  Bloom  Hills,  up  to  heights  of  1000  feet  above  the  sea.  Mr. 
O’Kelly  met  with  one  at  a lieight  of  more  than  1000  feet  about  sLx 
miles  N.W.  of  Mountrath,  from  which  a large  piece  had  been  split  by 
wedges,  probably  to  make  gate  posts,  the  part  which  remained  measur- 
ing 10  ft.  + 5 ft.  + 3 ft. 

The  Galway  Granite  boulders,  indeed,  are  numerous  as  far  as  the 
northeiTi  slopes  of  the  Galtee  mountains,  but  do  not  seem  to  have  gone 
* beyond  the  high  grounds  which  stretch  from  those  hills  towards  the 
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west,  nor,  so  far  as  I am  aware,  ore  they  found  in  the  neighbourhood  of 
Killaniey. — (See  the  heading  “ DrifV*  in  the  Ex^lanatmu  of  the  sheets 
of  the  Map  of  the  Q,  S.  Ireland.) 

Mr.  O’Kelly  remarked  to  me  that  these  Granite  boulders  were 
chiefly  on  the  surface,  and  not  buried  in  the  Drift,  an  obsen'ation  that 
seems  to  me  correct,  and  one  that  will  apply  also  to  the  boulders  of 
the  Leinster  granite.  Some  blocks,  however,  are  foimd  buried  in  the 
Drift,  but  may  have  been  subsequently  dropped  into  it  while  it  was 
still  at  the  bottom  of  the  sea. 

The  Limestone  gravel  of  the  centre  of  Ireland  seems  also  to  have 
been  arrested  by  the  east  and  west  ranges  of  moimtains  and  high  land 
that  stretch  across  the  south  of  Ireland  from  Waterford  to  the  coast  of 
Kerry,  as  the  Drift  in  the  southern  valleys  among  these  high  lands 
and  in  the  lower  lands  to  the  south  of  them  seems  to  be  chiefly  of 
local  origin,  though  great  mounds  and  local  accumulations  of  it  are  to 
be  found  in  some  places. 

KiUarnef/  Drift. — Perhaps  the  largest  local  accumulation  of  Drift  in 
Ireland  is  that  which,  commencing  at  the  foot  of  the  liiUs  near  Mill 
Street  in  County  Cork,  completely  conceals  the  Carboniferous  limestone 
and  all  other  rocks  from  sight  for  a distance  of  twenty  miles  up  to  the 
foot  of  Mangerton.  This  foiins  a great  plateau  of  coarse  rubbish,  con- 
sisting entirely  of  rocks  such  as  the  liills  to  the  south  and  west  of  it  are 
composed  of.  It  seems  to  be  from  100  to  300  feet  thick,  and  sweeps 
up  on  to  the  flanks  of  the  hills  to  a height  of  600  and  700  feet. 

This  Drift  ends  in  a steep  slope  or  escarpment  a little  south  of  the 
Lower  lake  of  KiUamey  (See  Mr.  Du  Noyer’s  sketch  in  E.pplanati<yn  of 
Sheet  173,  Maps  of  G.  S.  7.),  so  as  to  allow  of  the  reapi>earance  of  the 
limestone  from  beneath  it,  but  sets  on  again  below  the  lake,  and  buries 
all  the  rocks  from  view  along  the  foot  of  the  hills,  across  the  mouth 
of  the  Gap  of  Dimloe,  and  thence  down  to  Killorglin  and  Rossbeigh, 
another  space  of  ten  or  twelve  miles  long  by  four  or  five  in  width. 

The  hills  seem  to  have  fonned  the  shore  of  part  of  the  old  Glacial 
Sea,  along  which  their  waste  was  deposited  in  great  abundance,  little 
of  it  being  carried  off  by  the  currents.  Diuing  the  subsequent  eleva- 
tion, the  hollow  of  the  Lower  Lake,  and  the  flat  laud  immediately  on  its 
borders,  was  denuded  of  this  Drift,  probably  by  the  action  of  the  current, 
which  would  at  one  time  set  out  of  the  valley  of  the  Upper  Lake. 

The  North  of  Ireland  is  just  as  much  covered  with  Drift  and  with 
transjwrted  boulders  as  the  south,  and ' I believe  that  the  same 
descriptions  will,  “ mutatis  mutandis,”  apply  to  the  whole  country.  Sir 
R.  Griffith  has  stated  that  the  Granite  blocks  of  the  Ox  range  of  moun- 
tains in  Mayo  and  Sligo  are  carried  some  miles  to  the  north  as  well  as 
to  the  south.  Blocks  of  Gianite  and  other  associated  rocks  are  fomid 
scattered  over  the  basaltic  plateau  of  Antrim  as  well  as  elsewhere. 
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Glacier  Smoothings  and  Groovings^  and  Moraines. — The  rocks  of 
many  parts  of  Ireland,  especially  those  of  the  south-'west  comer  of  it, 
exhibit  in  great  perfection  that  rounding,  and  polishing  which  glaciers 
(Mimmimicate  to  the  rocks  over  which  they  glide.  So  perfectly  indeed 
are  all,  even  the  hardest  rocks,  roimded  and  smoothed,  that  the  very 
universality  of  the  process  prevents  its  striking  an  eye  not  instructed 
in  the  nature  of  the  phenomenon.  The  summits  of  the  highest  moun- 
tains, as  Mr.  Du  Noyer  has  remarked  to  me,  bristle  with  rough  peaks 
and  crags,  but  their  lower  slopes  are  all  smooth  and  lumided,  and  this 
smoothing  is  continued  down  even  below  the  level  of  the  sciu  In  many 
cases  precipitous  faces  of  hard  rock  have  been  undercut  into  broad 
grooves  and  mouldings,  of  several  inches  in  depth  and  a foot  or  two 
in  width,  just  ns  the  precipices  which  glaciers  now  rub  against  are 
grooved.  These  are  beautil'uUy  shewn,  by  the  roadside,  in  the  pass 
over  Mount  Gabriel,  a few  miles  north  of  Skull,  in  county  Cork,  and 
were  declared  by  Sir  H.  T.  Dela  Beche,  when  he  visited  the  sj)ot  with 
me  in  1851,  to  be  as  perfect  a.s  anything  he  ever  saw  in  the  Alps. 

The  surface  of  the  rocks  on  the  slopes  and  tops  of  the  hills  are 
traversed  also  by  “ glacial  stria',”  or  scratches  running  in  paraUel  lines 
on  tlie  surface  of  the  hanl  rocks,  deep  enough  for  a thick  pencil  to  lie  in. 

These  marks  are  precisely  such  as  have  been  described  in  AVales, 
in  Scotland,  tmd  other  parts  of  the  British  islands,  as  well  a.s  over 
northern  Europe  and  America,  and  are  now  generally  accei)tc*d  as  proofs' 
of  the  former  j^resence  of  glaciers. 

The  Drift  in  some  of  the  mountain  valleys,  or  at  the  mouths  of  those 
valleys,  is  sometimes  arranged  in  semicircular  or  horse-shoe  shaped 
ridges,  which  have  been  held  to  be  the  terminal  moraines  of  tliese  old 
glaciers.  Tliey  may  in  some  cases  really  be  so,  but  in  others  I have 
had  some  doubts  as  to  whether  they  were  really  a pile  of  blocks  dropped 
at  the  end  of  a glacier,  or  one  heaped  up  there  by  the  action  of  the 
scii  tides  and  currents  washing  in  and  out  of  the  valley,  from  which, 
perhaps,  block-laden  shore  ice  lioated  occasionally,  the  ridge  being  sub- 
.sequently  modiiied  by  the  river  action  when  the  valley  became  dry  laud. 

It  is,  however,  quite  clear,  that  when  our  present  mountains  were 
covered  by  peq)etual  snow,  and  their  valleys  partly  filled  by  glaciers, 
such  of  those  glaciers  as  did  not  end  in  tlie  sea  must  have  had  tenninal 
moraines. 

It  is  possible  that  at  one  time  during  the  glacial  period  our  lands 
may  have  been  much  more  lofty  than  now,  but  it  is  quite  beyond  doubt 
that,  at  the  time  when  the  Limestone  gravel  of  Ireland  was  spread 
over  the  country,  and  the  Granite  boulders  sciittered  over  it,  the  tops 
of  the  mountains  only  were  above  water,  forming  small  isljmds.  Ice- 
bergs and  shore  ice  proceeding  from  those  islands  carried  out  to  sea 
the  blocks  which  were  frozen  into  them  or  fell  on  to  them  during  the 
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winter,  and  when  they  melted  during  the  summer,  they  dropped  those 
blocks  promiscuously  on  the  old  sea  bottom,  very  frequently  on  the 
sul)marine  rocks  and  shoals  which  arrested  the  icebergs  in  their  passage, 
and  now  form  some  of  the  hills  of  our  present  lands.  These  icebergs 
and  icefloes  would  in  some  ca.ses  be  drifted  off  from  the  islands  towartls 
the  north,  until  they  got  within  the  sweep  of  the  prevailing  set  of  the 
currents,  wdiich,  during  this  jKiriod,  w'as  ceiltiinly  towards  the  south. 
They  would,  moreover,  be  more  likely  to  melt  away  and  drop  their 
burdens  while  moving  south  than  w'hen  going  in  a contmiy  direction. 

It  is  remarkable,  as  shewn  by  tlie  contour  maps  prepared  foimerly 
by  the  Oixlnance  Sur\’ey  (a  reducetl  copy  of  wliich  will  be  found  in 
Sir  R.  Kane’s  Industrial  Resources  of  Irdand)^  that  a depre.'jsion  of 
only  250  feet  would  conqdetely  alter  the  shape' of  what  would  then 
remain  of  Ireland,  and  one  of  500  feet  would  convert  it  into  two  urchi- 
])elago.s  of  small  islands  with  a broad  sound  between  them  stretcliing 
from  Dublin  Bay  to  Galway  Bay.  Any  subsequent  depression  wouhl 
m»t  greatly  alter  these  two  small  archipelagos,  exce])t  by  diminishing 
the  number  and  size  of  the  islands,  until,  when  the  depression  reached 
2000  feet  below’  the  pmsent  level,  a few  little  islets  only  would  be  left, 
marking  the  position  of  the  isolated  groups  of  mountains  now'  existing 
in  the  south  and  north  of  Ireland  respectively. 

It  must  be  recollected  that,  during  the  submergence  of  the  land, 
and  riming  its  subsequent  re-elevation,  the  motion  was  most  probably  a 
slow’  and  gradual  one,  and  that  ever}’  conceivable  gradation  of  relative 
altitude  miLst  therefore  have  existed  at  one  time  or  other  between  tlie 
present  levels  of  the  land  and  its  greatest  depression. 

It  must  also  be  borne  in  mind  that  the  position  and  arrangement 
of  the  superficial  materials,  as  they  now  exist,  received  their  last  modi- 
fications from  the  sea  dm-ing  tlie  last  elevation  of  the  land,  and  have 
been  subsequently  modified  by  subaerial  action  alone.  Tlie  latter  ac- 
tion has  in  many  instances  been  greater  than  might  at  first  be  thought 
jK>.s.sible,  for  it  must  be  recollected  that  the  land,  on  its  first  elevation, 
would  not  be  covered  by  soil  or  vegetation,  and  that  the  rain-fall  may 
have  been  greater  than  now’,  when  the  climate  was  different. 

The  existence  of  glaciers  on  our  moimtain  tops,  and  of  icebergs 
carrying  blocks  over  our  submerged  low’er  lands,  as  proved  by  the  phe- 
nomena now  briefly  described,  is  in  harmony  wdth  the  fact  of  the 
existence  of  northern  and  Arctic  shells  in  the  fossiliferous  parts  of  the 
drift,  and  also  w’ith  the  existence  of  the  woolly  Elephant  and  woolly 
Rhinoceros,  and  the  Reindeer,  and  other  animals  w’hich  will  be  men- 
tioned jiresently. 

Denudation  during  the  Pleistocene  Period  not  great. — All  the  facts 
connected  with  the  Drift,  e.specially  the  marks  of  glacial  action  on  the 
surface,  jirove  that  the  actual  erosion  of  rock,  or  amount  of  denudation. 
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that  Wiis  caused  during  the  Pleistocene  period,  was  comparatively  very 
small.  Tlie  present  surface  of  our  lands,  os  it  would  be  if  the  Drift 
materials  were  removed,  was  of  course  the  surface  on  which  they  were 
deposited ; that  surface  was  formed,  therefore,  before  their  deposition, 
and  the  surface  of  the  parts  now  uncovered  by  Drift  is  merely  a con- 
tinuation of  that  part  of  the  surface  which  is  so  covered. 

The  sea  or  the  ice  of  that  period  exerted  some  action,  doubtless,  in 
the  way  of  erosion,  just  as  ice  and  sea  have  exerted  some  action  since, 
but  theie  is  no  evidence  to  shew  that  much  greater  erosion  or  destruction 
of  rock  was  caused  during  the  Pleistocene  period  than  has  taken  place 
since.  What  the  Pleistocene  sea  and  ice  principally  did,  was  to  re- 
arrange the  looser  materials  which  previous  erosive  action  had  prepared 
for  them,  or  to  remove  in  some  places  a Little  of  the  external  skin  of  the 
pi-eriously  existing  surface.  Any  considerable  amomit  of  denudation 
requires  a lapse  of  time  infinitely  greater  than  has  gone  by  since  the 
commencement  of  the  Pleistocene  periotl,  however  many  millions  of 
ages  may  be  allowed  to  have  passed  since  then. 

Eskers. — There  is  a good  deal  of  interest  attached  to  the  external 
fonii  of  .some  of  the  accumulations  of  Drift  in  Ireland.  The  depo.sit  has 
evidently  l)een  in  many  places  modified  and  shaped  externally  by  the 
currents  of  the  water,  either  at  the  time  of  its  deposition  or  subsequently. 
The  gieat  bank  of  Drift  near  Killamey,  and  its  removal  round  the 
Lower  lake,  is  one  instance  of  this.  TTiere  are,  however,  other  con- 
spicuous instances  in  the  south  of  Ireland  where  the  general  form  of  the 
adjacent  high  lands  has  evidently  some  connection  with  the  pi-esent 
external  fonn  of  the  Drift  deposits  in  the  low  lands  about  theuL  Huge 
mounds  of  Drift  are  often  accumulated  in  a bight  of  the  hills,  e.spedally 
when  tlierc  is  a valley  leading  through  the  hills  at  the  head  of  the 
bight.  This  is  the  case  with  the  Drift  mounds  in  the  Kilmastullagh 
valley  between  the  Arra  mountains  and  the  extension  of  the  Silvermines 
Hills  towards  O’Brien’s  Bridge  ; with  the  Drift  mounds  near  Broadford  in 
the  north-west  bight  of  the  Slieve  Beniagh  range  ; and  with  the  Drift 
mounds  near  Roscrea,  to  the  west  of  the  valley  between  tlie  south  end 
of  the  Slieve  Bloom  hills,  and  the  north  extension  of  the  “ Devil’s  bit 
range.”  The  great  mounds  of  Drift  near  the  town  of  Tipperary  and 
those  of  the  Curragh  of  Kildare  have  probably  also  a relation  to  the 
adjacent  high  land.* 

* I believe  this  observation  might  bo  extended  much  farther  than  Ireland.  I was  struck 
last  summer  in  the  Lake  country  with  the  great  piles  of  Drift  on  tlie  north  side  of  the 
watershed  of  the  pass  between  Amblcside  and  Keswick,  called  Dunmail  Raise,  and  with  the 
lesser  but  still  conspicuous  mouu<ls  about  the  watershed  on  the  road  from  Amblcside  to 
Coniston,  and  in  other  similar  situations.  In  the  summer  of  I860 1 was  equally  struck  with  the 
great  Drift  mounds  so  similar  to  those  of  Ireland,  which  are  met  with  iu  Switzerland  on  tbs 
road  from  Ilorgen  to  Zug,  immediately  after  passing  the  watershed.  In  all  these  cases  the 
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These  mounds  probably  received  their  form  during  their  first  accu- 
mulation, but  in  other  cases  the  surface  of  the  Drift  seems  to  be  one 
caused  by  subsequent  erosion.  In  one  conspicuous  instance,  two  or 
three  miles  north  of  Pamonstown,  which  I visited  in  November  1861 
with  Mr.  A.  B.  Wynne,  a widely-sprea<l  expanse  of  deep,  horizontally 
stratified  Limestone  gravel  seems  to  have  been  so  far  acted  on  by  subse- 
quent denudation  as  to  have  now  an  abruj)tly  undi^ting  surface,  con- 
sisting of  small  mounds,  ridges,  and  valleys,  running  in  various  directions 
over  a space  several  miles  in  length,  and  one  or  two  in  bix‘adth.  One 
of  these  ridges,  however,  and  the  most  conspicuous  of  them,  formed  a 
long  Esker  (as  such  ridges  are  called  in  Ireland),  or  nai'row  gently  imdu- 
lating  bank,  some  fifty  feet  above  the  surroimding  flat  coimtry,  and  some 
miles  in  length. 

Tliese  Rskem  are  very  numerous  in  Ireland  over  all  the  low  central 
plain.  One  is  to  be  seen  three  or  four  miles  to  the  west  of  Dublin, 
running  from  the  banks  of  the  Dodder  past  the  old  castle  of  Tymon 
by  the  Green  Hills  towards  the  valley  of  the  Lifley.  Others  are 
marked  on  the  Geological  maps  near  Stradbally  in  the  Queen’s  coimty, 
near  Bagenalstown,  near  Maryborough,  near  PhiUipstown,  and  in  several 
other  places.  (See  explanations  of  sheets  100,  101,  102,  111,  128, 
144,  147,  154,  155,  among  those  already  publi.shed). 

The  general  fonn  of  an  Esker  is  that  of  a long  bank  with  steep  sides, 
rising  to  a height  of  from  20  to  70  feet  above  the  neighbouring  gi-ound. 
It  is  sometimes  not  more  than  a few  yards  wide  on  the  top,  but  at  other 
times  spreads  into  wider  mounds,  and  sometimes  sends  out  spurs  or 
terminates  in  tw’o  or  three  undulating  mounds.  The  broader  jmrts 
of  an  Esker  often  have  deep  circular  or  oval  hollows  in  them,  50  or 
60  yards  wide  at  top,  and  30  or  40  feet  deep,  without  any  outlet. 
Eskers  often  spring  insensibly  from  a slope  at  the  foot  of  a hill, 
and  stretch  with  a gently  undulating  line  for  several  miles  across  the 
flat  country. 

The  Marj’borough  Esker  commences  at  the  foot  of  the  Coal-measure 
hills  a little  south  of  Maryborough,  and  runs  off  to  the  northw^ard 
unbroken  for  seven  miles  to  near  Mount  Mcllick.  It  is  then  mteirupted 
by  a gap  of  a mile  and  a half,  through  which  the  little  river  OwTiass  flows, 
but  sets  on  again  in  the  siime  line  for  another  mile  and  a half,  beyond 
which  it  coalesces  with  some  irregular  gravel  mounds.  It  stretches 
obliquely  across  the  mouth  of  the  wide  open  valley  between  the  Coal- 

accunmlationB  occurred  where  there  must  once  hare  been  a straight  between  islands,  and 
where,  ac<;ordingly,  the  tidal  and  other  cnironts  would  be  likely  to  meet  and  opjwse  each  other. 

In  this,  as  in  many  other  enses,  the  offleers  of  the  Oeologicid  8ur\’cy,  though  they  may 
Qnd  themselves  on  the  traces  of  generalisations  of  great  interest,  must  be  content  with  indi- 
cating them  to  the  researches  of  others  whose  time  and  movements  may  be  at  their  own 
disposal. 


684. 


PLEISTOCENE  PERIOD. 


measure  hills  and  the  Slieve  Bloom  mountains.  It  does  not,  however, 
toucli  the  latter,  but  sweeps  in  a parallel  line  round  their  north-east 
corner.* 

The  Ragenalstown  Esker  commences  in  the  limestone  flat,  but  runs 
from  that  on  to  the  Granite,  ascending  a gently  sloping  ridge  which  Is  120 
feet  higher  than  the  limestone  plain,  still  presen'iug  its  form  of  a bank 
40  feet  high,  until  in  about  three  miles  it  gradually  spreads  into  low 
gravel  mounds  and  becomes  lost  in  the  general  mass  of  the  drift  wliicU 
there  covers  the  Granite. — (Explanation  of  sh.  147  and  157). 

These  Eskcrs  are  often  oixjned  for  gravel  pits,  as  may  be  seen  at  the 
Green  Hills  near  Dublin,  and  the  arrangement  of  their  materials  is  very 
curious.  Irregular  beds  of  large  blocks,  or  of  small  pebbles,  or  of  the 
liiiest  sand,  are  arranged  one  over  the  other,  generally  with  a rude 
atteni]>t  at  conforming  to  the  external  slojxis  of  the  ridge,  but  not  preserv- 
ing for  any  distance  either  their  thickness  or  inclination.  These  irregu- 
lai*  beds  seem  to  have  been  formed  by  the  piling  action  of  two  opposing 
currents,  or  to  have  been  heape<l  up  in  the  eddy  at  the  margin  of 
currents  running  in  different  directions. 

Many  of  these  ridges  seem  to  have  been  similar  to  “ harbour  bars”t  in 
their  mode  of  formation,  and  to  be  directly  related  in  tliis  way  to  the 
valleys  running  into  the  neighbouring  hills,  which  must,  of  course,  have 
formed  bays  or  harbours  dming  some  part  of  the  last  slow  rising  of  the 
laud  above  the  sea.  Others,  however,  especially  those  numerous  ones 
that  run  in  various  directions  all  over  the  great  central  plain  of  Ireland, 
can  only  have  been  formed  in  the  o])e.n  sea  by  the  action  of  different 
currents,  as  that  sea  became  shallow  in  consequence  of  the  elevation  of 
its  1)0(1. 

These  Eskors  of  the  plains  are  often  associated  with  the  bogs,  either 
running  in  lines  between  two  large  bogs,  or  partially  or  entirely  siu’- 
rounding  flat  spaces,  which  seem  to  liave  been  converted  into  bogs  in 
consequence  of  the  Eskers  having  at  one  time  retaixled,  and  perhaps  still 
retiu’ding  in  some  places,  the  drainage  of  the  country,  the  suiHirfluous 
water  soaking  through  the  porous  base  of  the  Esker  instead  of  making  a 
regular  brook  or  river  channel  for  itself  to  run  off  by. 

* The  oountry  people  about  Maryborough  afllnn  that  this  Esker  stretebe-s  all  aoross 
Ireland.  Mr.  Wynne  was  told  that  an  Rsker,  near  Borrisokaue,  a long  way  to  the  west  of  the 
Slieve  Bloom  mountains,  wa.s  part  of  that  near  Maryborough.  Tliese  stories  may  bo  taken 
ns  evidence  of  the  similarity  of  the  Eskers  at  differont  places,  and  their  frotpient  occurrence 
in  the  centre  of  Ireland.  Sonic  of  them  seem  certainly  to  be  15  or  20  miles  in  length,  if  we 
allow  for  occasional  gaps  or  interrujitious. 

t An  excellent  example  of  an  <dd  harbour  bar  may  be  seen  at  the  Seven  Churches  in 
county  Wicklow.  All  the  nuns  are  on  a bank  of  Drift  stretching  across  the  main  valley, 
and  fonned  partly  of  the  detritus  from  that  valley,  but  cUieHy,  perhaps,  from  the  other 
steeper  and  narrower  valley,  which  must  at  one  time  have  emptied  Us  drainage  int-o  the  old 
harliour  Just  about  this  point,  and  brought  down  the  detritus,  of  which  the  tidal  currents 
formed  tlie  bar. 
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The  centre  of  Ireland  between  Dublin  and  Galway,  and  from 
Nenagh  to  the  counties  of  Mayo  and  Sligo,  is  largely  occupied  by  a’  suc- 
cession of  great  bogs  and  Esker  ridges,  the  rounded  blocks  in  the  latter 
being  often  of  large  size,  and  heaped  up  in  the  greatest  confusion  and 
abundance.  This  flat  country  looks  as  if  it  had  been  but  lately  lifted  up 
out  of  the  sea,  still  bearing  the  maiks  of  the  beating  of  the  Atlantic 
waves,  and  the  washing  to  and  fro  of  its  tides  and  currents. 

SvJtsequent  Elevation  and  widely-spread  Plains. — It  is  probable  then 
that  the  Eskcrs  and  other  modifications  in  the  external  fonu  of  the 
Pleistocene  tleposits  were  produced  during  the  rise  of  the  old  sea-bed  into 
dry  land.  It  is  also  probable  that  the  result  of  that  elevation  was  a 
widely-spread  plain,  something  like  what  Northern  Siberia  now  is, 
which  perhaps  [connected  the  Biitish  Islands  with  the  Continent ; and 
that  the  English  Channel,  and  the  Irish  and  North  Seas,  have  been 
formed  by  the  erosive  action  of  the  Atlantic  eating  bito  the  lower  and 
softer  parts  of  that  plain.  On  this  plain  many  lakes  existed,  which 
have  been  filled  uj^  with  lacustrine  deposits,  containing  the  bones  of 
such  animals  as  the  gi*eat  Irish  deer  (Megaceros  Hibemicus),  and  others. 

Cave  Deposits. — It  was  probably  also  at  this  time,  that  is,  after  the 
last  elevation  of  the  land,  that  the  caves  of  the  British  Islands  and  the 
Continent  were  inhabited  by  vild  beasts,  such  as  the  Cave  Hycena  and 
Cave  Bear,  which  have  left  their  remains  buried  in  the  mud  at  the 
bottom  of  these  caves,  that  mud  ha\ing  been  covered  and  preserved 
l>y  a deposit  of  stalagmite. 

Raised  Beaches.,  Low  Level  Gravels. — Besides  the  wdely-sj)read 
Drift,  containing  it^cent  shells,  there  are  also  to  be  found  in  many 
l)laces  more  local  deposits  seeming  to  have  been  foniied  as  beaches 
on  the  margin  of  the  sea,  but  now  lifted  up  beyond  the  reach  of  high 
water.  The  exact  date  of  these  deposits,  or  that  of  their  elevation,  with 
relation  to  the  depo.sition  or  elevation  of  the  widely-sprcatl  drift,  is 
often  a very  difficult  point  to  determine. 

The  Low  Level  Gravels  are  those  deposits  which  have  been  formed 
at  the  Ixjttom  of  om*  present  valleys  since  the  deposition  of  the  Boulder 
Clay,  many  of  theii*  materials  being  derived,  probably,  from  that  boul- 
der clay  in  the  regions  into  which  it  spread,  or  from  the  high  level 
gravels  or  other  suiierficial  deposits  where  the  boulder  clay  was  absent. 

The  bones  of  the  Mammalia  that  inhabited  the  adjacent  high 
grounds,  and  the  shells,  either  land  or  fresh  water,  of  existing  Mollusca, 
are  to  be  found  in  these  lower  gravels,  many  of  which  seem  to  have 
been  formed  in  the  rivers  and  estuaries,  when  the  country  was  at  a little 
lower  level,  or  before  the  rivers  had  cut  so  deeply  down  into  their  pre- 
sent beds,  and  when  they  consequently  flooded  the  adjacent  grounds  to 
a greater  extent  than  now. 

One  fresh- water  shell,  which  was  called  Cyrena  trigonula,  when  first 
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found  in  the  Crag,  and  Cyrena  consobrina  when  found  living  in  the  Nile, 
and  now  is  called  Cyrena  (or  Corbicula)  fluminalis,  seems  to  have  sur- 
vived many  mutations  and  alterations  of  surface.  It  is  found  in  many 
of  the  fresh-water  deposits  above  the  Boulder  Clay,  as  shewn  by  Mr, 
Prestwich  lately  in  his  paper  on  its  occurrence  with  recent  marine 
shells  in  beds  of  sand  and  drift  over  the  boulder  clay  near  HuU. — 
Q.  J.  0.  tS.f  vol.  xvii.  p.  446). 

Submarine  Forests  and  Peat  Bogs. — Aro\md  all  the  shores  of  Ireland 
there  is  frequently  to  be  found  e\idence  of  a comparatively'  recent  de- 
pression of  the  land  having  taken  place,  in  the  occurrence  of  imdisturbed 
peat  bogs  beneath  the  sand  of  the  sea,  stretching  below  the  level  of  the 
lowest  spring  tides.  Turf  has  lately  been  found  beneath  the  mud  of 
Wexford  harbour.  At  niunerous  points  along  the  south  and  west  coast 
of  Ireland  it  is  a common  practice  for  the  country'  people  to  go  to  the 
head  of  the  sandy  bogs,  at  dead  low  water  of  spring  tides,  and  dig  turf 
from  underneath  the  sand,  and  it  has  been  equally  noted  in  similar 
situations  along  the  western  and  northern  coasts. 

The  stumps  and  roots  of  trees  in  the  position  of  growth  are  found 
in  tliis  })eat,  clearly  shewing  that  it  grew  on  the  dry'  land,  and  its  very 
general,  we  might  almost  say'  imiversal,  occurrence,  round  the  coast, 
shews  that  no  local  position  of  sand  hills  or  other  barriers  can  account 
for  the  land  having  been  dry,  but  that  it  formerly  stood  at  a higher 
level,  and  is  now  beneath  the  sea  in  consequence  of  depression. 

There  are  many  points  on  the  coast  of  England  also,  where  similar 
facts  are  observable.  I dug  a stump  of  a tree  full  of  li\'ing  pholades 
out  of  the  tuif  at  the  margin  of  dead  low  water  of  a spring  tide  between 
the  mouth  of  the  Dee  and  the  Mersey  in  the  summer  of  1837.  Old 
land  surfaces  have  been  found  beneath  the  fens  of  Cambridge  below 
the  level  of  the  sea. 

It  is  therefore  certain  that  since  the  elevation  which  lifted  up  the 
great  glacial  plain  into  dry  land,  there  has  been  a subsequent  depres- 
sion, which  has  aided  the  sea  in  diminishing  the  size  of  our  islands, 
and  increasing  the  >vidth  of  the  “ Narrow  Seas  and  that  this  has 
occurred  since  the  formation  of  peat  bogs,  which  are  exactly  similar  to 
the  lower  parts  of  the  peat  bogs  in  the  interior  of  the  coimtry'. 


* In  this  list  A.  stands  for  Arctic,  B.  for  Boreal,  C.  for  Celtic  or  the  British  seas,  N.  C. 
for  North  Celtic,  or  the  seas  of  the  coast  of  Scotland,  etc. 


Characteristic  Fossils  of  the  Pleistocene  Deposits. 


Conchifera. 

Astarte  borealis.  A.*  and  Crag 
elliptica,  N.  C.  . 


Ly.  Man,,  fig.  110. 
Foss.  gr.  48,  h. 
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Cardium  edule  (common  cockle),  and  Crag  Wood,  Crag.  MoU. 
Cyprina  Islandica,  B.  and  C.,  and  Crag  . Ihid. 

Cyrena  fluminalis  (also  called  C.  consobrina, 
when  living  in  the  Nile,  and  C.  trigonula 
when  fossil  in  the  Crag)  ..."  Foss.  gr.  48,  c. 
Leda  rostrata,  A.  (called  ^Lso  Nucnla  oblonga)  Tab.  View. 

Mactra  solida  (all  European  seas  and  Crag)  Sow.  M.  C.  160. 


а.  Pccten  Islandirus. 

б,  Aatarte  elliptica. 
e.  Cyrenn  flmninalis. 
d.  Fusns  FabriciL 


Fossfl  Qronp  No.  48. 

Pleiatocene  Fossils. 

e.  Natica  Greenlandica. 
/.  Fuhus  BcalariTormis. 
g.  Scalaria  Greenlandica. 
K Cemoria  Noacbina. 


Mya  truncata,  R and  C.,  and  Crag  . 

Ostnea  edulis  (common  oyster),  and  Crag. 
Panopsea  Norvegica,  and  Crag  . 

Pecten  Islandicus,  A.  . . . . 

Pholaa  crispata,  B.  and  N.  C. 

Saxicava  mgoea  (widely  spread) 

Tellina  Balthica  (solidula)  (all  European  seas). 


Tab.  View. 

Tab.  View. 
Foss.  gr.  48,  a. 


Tab.  View. 
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Gastero}x>da. 

Cemoria  Noachina,  A.  and  B.  . 

Fusus  antiquus,  B.  and  C.,  and  Crag 

Bamfhus,  B.  and  U.  C. 

Fahricii,  A.  . 

Islandicus,  A.  B.  and  C. 

scalariformis,  A,  . . . 

Littorina  littorea  (common  periwinkle) 
Natica  clausa  .... 

Greenlandica,  A.  and  B. 

Patella  vulgata  (common  limpet),  and  Crag 
Purjmra  lapUlus,  A.  B.  and  C.,  and  CVag 
Scalaria  Greenlandica,  A.  and  B. 

Tiirritella  communis  (Euroj>ean  seas) 


Foss.  gr.  48,  h. 
Wood,  Crag.  Moll. 
Tab.  View. 

Foss.  gr.  48,  <1. 

FoSvS.  gr.  48,/. 
Wootl,  Crag.  Moll. 
Ly.  Man.,  fig.  114. 
Fos.s.  gr.  48,  e. 

Tab.  A^iew. 

Tab.  View. 

Foss.  gr.  48,  <t. 
Tab.  View. 


iVo/e. — On  tins  part  of  the  subject  the  stiulcnt  will  find  full  information  in  Edwani 
■Forl>cs's  paper  on  the  “ Geological  relations  of  the  existing  Fauna  and  Flora  of  the  British 
Isles,”  in  Mems.  Gcolog.  6’wrr.,  voL  L,  and  also  in  his  EurojKan  Seas,  completed  by  Mr 
Godwin  Austen. 


Mammalia. 

Eleplias  antiquus. 

primigenius  . 

Rhinoceros  tichorhinu.'! 

leptorhinus  . 

Hippopotamus 
Megaceros  Hibeniicius 
Cervus  tarandus  (priscu.s).  Reindeer 
Bt^s  antiquus. 

— primigenius 

Felis  spela3a  . : . . 

Hyaena  spelaea 
Ursus  spelteus 


Tab.  V.  and  Ly.  Man. 
Owen,  Foss.  Mam. 
Tab.  V.  and  Ly.  Man. 
Owen,  Foss.  Mam. 
Tab.  View. 

Owen,  Fos.s.  Mam. 

Otven,  Foss.  Mam. 
Ibid. 

Tab.  V.  and  Ly.  Man. 
Tab.  \.  and  Lv.  Man. 


Xortheni  Eurojye. — Tlie  description  of  the  Drift  and  Erratic  blocks 
of  the  British  islands  will  generally  serre  also  for  those  which  spread 
over  Northern  Europe.  The  plains  of  Gennany  are  .strewed  with 
fragments  of  the  rocks  of  Scandinavia,  .some  of  them  as  big  as  cottages, 
that  have  evidently  been  carried  by  ice  over  the  Baltic,  and  dropped 
as  the  ice  i-sland.s  melted  away  in  the  .seas  that  then  extended  from 
the  mountiiins  of  Norway  over  the  low  lands  of  Europe.  This 
Northern  Drift  is  limited  by  a singuhirly  tortuous  line  that  runs  from 
the  Tcheskaian  Gulf  (east  of  the  White  Sea),  south  towards  the  Ural 
Mountains,  but  is  then  deflected  back,  and  undulates  boldly  through 
the  centre  of  Russia,  to  the  foot  of  the  Carpathian  Mountains,  marking 
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probably  the  limit  of  the  Pleistocene  Sea,  during  the  time  when  the 
blocks  were  being  transported.  Its  farthest  point  south  is  about 
Cracow,  latitude  50°,  and  it  runs  thence  along  the  northern  foot  of 
the  higlilands  of  Bohemia  and  Saxony,  and  the  Hartz  mountains,  to 
the  plains  of  Holland  about  the  Zuyder  Zee,  and  thence  probably  across 
the  south  of  England,  up  the  valley  of  the  Thames,  to  the  mouth  of  the 
Severn,  in  the  Bristol  Channel. 

The  Alpi  and  Switzerland. — The  Alps,  however,  fonned  a local 
centre  of  Drift  of  their  o-s\ti,  into  the  sea  which  probably  then  washed 
their  foot,  large  blocks  being  sent  on  icebergs  for  some  miles,  both  to 
the  north  and  to  the  south.  Blocks  of  rock  from  the  different  parts  of  • 
the  central  Alps  rest  upon  those  points  of  the  Jura  which  arc  opposite 
to  the  valleys  issuing  from  them,  each  valley  carrying  blocks  from  the 
rocks  near  its  source.  Some  geologists  believe  that  these  blocks  were 
carried  on  dry  land  by  the  glaciers,  which  they  suppose  then  to  have 
extended  across  the  middle  lake  district  of  Switzerland  over  the  soft 
accumulations  of  the  Molasse,  and  to  have  climbed  the  slopes  of  the 
Jura.  The  existing  glaciers  of  Switzerland  were  certainly  once  far 
more  extensive  than  they  are  now,  as  is  shewn  by  the  ice  marks  in  the 
lower  valley  of  Hash  for  instance. 

India. — From  Dr.  Hooker’s  Himalayan  Journals,  it  api)ear8\hat  the 
glaciers  of  the  Himalayan  mountains  wero  in  like  manner  much  more 
extensive  formerly  than  they  are  now. 

Loess  a)id  Lekm  of  the  Rhine  Valley. — Tliese  deposits  consist  of 
fine  sand  and  lojuu,  wth  occasional  layers  of  giuvel.  They  are  foimd 
on  the  hills  bordering  the  Rhine  and  its  tributary  valleys  up  to  heights 
of  more  than  1 200  feet  near  Basle,  and  on  the  summits  and  flanks  of 
the  liills  down  to  the  flat  near  Cologne. 

The  fossils  in  them  consist  chiefly  of  land  and  fresh-water  shells  of 
existing  species,  together  with  bones  of  the  Mammoth  and  other  land 
animals. 

LyeU  Ixilieves  that,  as  the  land  rose  from  its  depression  beneath  the 
glacial  sea,  the  fresh-waters  of  the  valley,  having  at  first  a very'  gentle 
fall,  would  sj^read  more  or  less  over  the  neighbouring  lands  as  they  just 
emerged  from  the  sea,  and  afterwards,  as  the  land  rose,  would  be  gradu- 
ally and  successively  contracted  to  their  present  bed.  Thus  the  fresh- 
water deposits  might  be  found  at  various  heights  over  all  the  country 
that  ha<.l  suflered  depression,  according  to  the  various  conditions  of  that 
surface  during  the  subsequent  elevation. 

What  is  true  for  the  Rhine  valley  will  also,  doubtless,  apply  with 
equal  truth  to  many  other  districts. 

North  America. — For  information  as  to  the  glaciid  phenomena  of 
North  America,  I must  refer  the  student  to  Dr.  Bigsby’s  paper,  On  the 
Erratics  of  Canada  f Q.  J.  G.  vol.  vii.  p.  215,  and  l^ofessor  Ramsay’s 
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paper  “ On  Glacial  Phenomena  of  Canada^  etc.f  Q.  J.  G.  <5.,  voL  xv.  p.  200  ; 
and  Dr.  Hector’s  paper  “ On  the  Geology  of  the  Country  between  Lake 
Sujyerior  and  the  Pacifc  Ocean f Q.  J.  G.  /S'.,  vol.  and  the  publica- 
tions of  the  Geological  Survey  of  Canada  under  Sir  W.  Logan,  and  the 
various  Geological  Surveys  of  the  United  States. 

Sicilian  Beds. — In  Sicily  and  other  i>arts  of  the  Mediterranean 
Basin  there  are  recent  tertiary  deposits,  wliich,  from  the  great  propor- 
tion of  existing  species  they  contain,  belong  seemingly  to  the  Pleisto- 
cene Period. 

Lyell  describes  those  of  Sicily  as  rising  in  some  places  to  a height 
of  3000  feet  above  the  sea,  and  covering  nearly  half  the  islan(L  They 
consist  of  the  Girgenti  limestone  above,  having  an  aggregate  thickness 
of  700  or  800  feet,  beneath  wliich  is  a sandstone  and  conglomerate 
passing  down  into  clay  and  blue  marl.  The  limestones  are  in  some 
places  like  the  Calcaire  grossier  of  Paris,  but  in  others  are  nearly  a.s 
compact  as  marble.  South  of  Catania  these  beds  are  interstratified 
^vith  lava  and  ashes,  and  traversed  by  dykes,  and  form  an  aggregate 
not  le.ss  than  2000  feet  thick.  In  one  place  a bed  of  oysters  (our  com- 
mon edible  species),  twenty  feet  thick,  rests  on  a bed  of  basaltic  lava, 
and  is  covered  by  other  lavas  and  ashes.  In  another  sjx>t  a bed  of  a 
common  Mediterranean  coral  (Carj^ophyllia  cmspitosa),  all  the  indivi- 
dual masses  standing  erect  as  they  grew,  and  about  a foot  and  a half 
thick,  may  be  traced  for  some  hundreds  of  yards  on  each  side  of  a 
valley.  The  fossils  contained  in  these  beds  are  chiefly  of  sjiecies  now 
living  in  the  Mediterranean. — ( LydVs  Manual.) 

Tliese  formations  were  either  wholly  or  in  part  in  course  of  produc- 
tion in  the  bed  of  the  Mediterranean  duiing  the  time  when  our  Pleisto- 
cene Drifts  were  being  formed. 


CHAPTER  XXXIX. 


PLEIOCENE  AND  PLEISTOCENE. 

LIFE  OP  THE  PERIODS. 

The  most  striking  fact  in  the  forms  of  life  during  these  later  Ter- 
tiary periods  is  the  general  one  already  alluded  to,  namely,  the  gradual 
and  successive  appearance  of  the  sjxjcies  ■which  now  inhabit  the  globe. 

Among  the  lower  ranks  of  animals,  as,  for  in.stancc,  the  Mollusca, 
more  than  one-half  of  the  species  found  fossil  in  the  earlier  Pleioccne 
bcrls  are  the  same  as  those  which  now  exist,  and  of  the  remainder, 
which  are  now  extinct,  each  species  as  it  died  out  had  its  place  taken 
by  another  form  which  still  remains  a living  species,  these  being  foimd 
in  greater  proportionate  numbers  in  the  later  and  later  deposits. 

In  the  higher  orders  of  life,  however,  as  among  the  Mammalia  for 
instance,  we  do  not  find  the  same  specific  identity  in  the  earlier  Pleio- 
cene  deposits  as  among  the  Mollusca.  It  has  been  remarked  befoi-e, 
that  the  duration  of  species  is  longer  among  the  lower  ranks  of  life  than 
the  upper.  Wliile  so  many,  then,  of  the  species  of  Mollusca  that  lived 
in  the  eiQ’lier  part  of  the  Pleiocene  period  still  survive  upon  the  globe, 
the  species  of  the  Mammalia  that  then  lived  have  become  extinct ; but 
their  places  have  been  taken  by  other  closely  allied  species,  which  can, 
for  the  most  part,  be  included  in  the  same  genera  with  them.  Those 
genera  almost  all  still  exist  upon  the  earth,  their  existing  species 
gradimlly  making  their  appearance  in  the  newer  deposits  of  the  subse- 
quent periods. 

Sir  C.  Lyell,  in  the  supplement  already  quoted  (which  I hope 
before  the  publication  of  these  pages  to  see  incorporated  in  a new 
edition  of  his  Manual)  gives  the  following  generalisation  as  to  the 
marine  testacea  of  the  three  Crag  deposits,  quoting  Mr.  Searles  Wood’s 
monograph  in  the  publication  of  the  Palooontological  Society,  and 
acknowledging  the  assistance  of  Mr.  Woodward. 

The  number  of  species  of  marine  testacea  in  the  Coralline,  Red 
and  Norwich  Crags,  is  442 — of  which  the  first  has  327  and  the  second 
225,  the  number  of  species  common  to  the  two  being  116.  The  species 
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in  the  Nonvicli  Crag  are  81,  of  which  4 are  found  also  in  the  Coralline 
and  33  in  the  Red  Crags. 

The  iKjrcentage  of  recent  species  Is  in  the  Coralline  CVag,  51,  their 
total  number  being  168,  of  wliich  27  are  not  found  living  in  the 
British  but  in  more  southern  seas,  while  2 are  only  found  in  northern 
seas.  Tlie  percentage  in  the  Red  Crag  is  57,  the  total  number  of  recent 
species  being  1 30,  of  which  1 6 are  found  in  southern  and  8 in  northern 
seas.  The  percentage  in  the  Norwich  Crag  is  85,  the  total  number 
l)eiug  69,  of  which  12  only  do  not  live  in  British  but  in  northern  seas, 
none  of  them  being  inhabitants  of  southern  seas  only. 

Tliesc  facts  afford  an  interesting  and  instructive  example  of  change 
at  once  in  the  fonns  of  life  and  the  climate  of  the  region.  They  shew  the 
inlluence  of  the  gradual  refrigeration  of  the  climate  during  the  deix»sition 
of  these  Crag  deposits,  which  reached  its  maximimi  a little  later,  during 
the  deposition  of  the  Nortliem  Drift  or  Glacial  deposits. 

Edward  Forl)es  sliewcd  that  species  of  Mollusca  which  inliabited 
the  British  seas  during  the  Pleiocene  Period,  retreated  to  the  south 
before  the  cold  climate  w'hich  spread  gradually  from  the  north  in  the 
Pleistocene  Period,  and  became  then  iiiliabitants  of  the  Metli terra iiejui 
.and  adjacent  parts  of  the  Atlantic.  These  shells  are  foimd  fossil  in  the 
Pleistocene  dcjwsits  of  those  regions,  but  many  of  tliem  are  not  now 
found  living  tliere,  having  returned  to  our  seas  as  the  cold  influences 
were  confined  more  and  more  to  the  north,  and  tlie  ocetin  currents  from 
the  south  modified  the  severity  of  the  climate.  Some  of  tliese  species, 
however,  still  linger  in  certain  localities  in  the  south,  a remarkable 
instance  l>eing  the  discover}'  by  Mr.  MacAndrew  of  the  common  ReJ 
Crag  shell,  Fusus  contrarius,  still  living  in  Vigo  Bay,  a deep  fionl  on 
the  coast  of  Spain,  together  with  a complete  colony  of  other  Celtic 
sjKJcies  within  the  Lusitanian  province. — (Ed.  Forbes  on  Aa/. 
Eiu'opean  /St’ojf,  j>.  109). 

Forbes’s  Celtic  province  seems  to  have  come  into  existence  between 
the  Boreal  and  Lusitanian  provinces  as  a consequence  of  these  changes 
of  climate,  an  opening  haNung  been  made  between  the  two.which  has 
been  subsequently  occupied  by  that  j>eculiar  assemblage  of  species  to 
which  he  gave  the  name  of  Celtic. 

Among  the  Mammalia  Dr.  FtUconer  has  clearly  distinguislieil  two 
assemblages  in  Euroj>e  and  the  British  Islands,  one  belonging  to  the 
Pleiocene  and  the  other  to  the  Pleistocene  Period  of  time  ; or  as  regards 
some  which  were  contemporaneous  during  the  latter  period,  some  being 
confined  to  the  north  and  others  to  the  south  of  Europe. 

The  Pleiocene  or  Southern  Mtunmals  comprise  Mastodon  {Tetra- 
lojdiodon)  Arverne7isis ; El^phas  {Lo.vodon)  mcridionalis  and  priscv^l 
and  El.  {Eitolephas)  anti^uus  ;*  Rhinoceros  leptorhinus  and  another ; 

* Prestwic.h  says  that  Enel,  antiquus  and  priralpcnins  were  not  only  contemporaneou*, 
but  even  co  inliabitants  of  the  same  district  for  at  least  part  of  the  time. 
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Tapirus  arvernensis ; Ilippopotamua  major ; Equus  plicidem ; Feli* 
jxirdinensis ; Urms  arveniemis  ; and  a species  of  to 'wliich,  ac- 

cording to  Owen,  may  be  added  a species  of  Machairodm. 

The  Pleistocene  or  northern  assemblage  contains  Elrphas  {Euele- 
phas)  primigenius  ; Rhinoceros  tichorhinua  ; Megaceros  Hibernicus ; Crsus 
Speloeua  ; Ilgcena  sptlcea  ; to  which  may  be  added,  according  to  Owen, 
Bubulua  moackattta^  still  living  in  the  Arctic  regions  of  North  America, 
an<l  several  other  species  of  gigantic  Bovidce^  as  well  as  wolves,  foxes, 
badgers,  otters,  wolverines,  martin  cats,  weasels,  beavers,  and  other 
animals  in  the  cave  breccias  and  other  deposits,  some  of  existing,  some 
perhaps  of  extinct  species. 

It  may  perhaps  be  doubtful  how  many  of  these  species  were  con- 
temix)raneou8  inhabitants  of  separate  provinces  during  the  earlier 
l^eriod,  and  shifted  their  area  in  consequence  of  the  change  of  climate 
during  the  later  period,  but  it  is  certain  that  the  Pleistocene  succeeded 


Fotidil  Fig.  No.  49. 

Pleistoc«ne. — Euclepluis  primigcnius. 

the  Pleiocene  fauna  in  our  islands  and  central  Europe,  and  perhaps  long 
survived  them,  either  here  or  in  more  northern  regions,  after  our  climate 
had  become  unsuitable  to  them. 


694 


PLEIOCENE  A^^)  PLEISTOCENE. 


Of  the  Mammoth  (EL  primigenius)  not  only  are  immense  numbers 
of  teeth  and  tusks  found  in  Siljeria,  and  complete  beds  of  them  in 
Escholtz  Bay  on  the  north  coast  of  America,  but  the  whole  carcass  has 
been  recovered  from  a frozen  cliflF  in  Siberia,  and  found  to  be  covered 
with  long  coarse  hair,  fonning  a shaggy  main  about  the  neck,  under- 
neath which  was  a woolly  coat,  evidently  a defence  against  the  severity 
of  a cold  climate.  Its  tusks  are  largely  exported  from  Siberia  to  be 
used  as  ivory,  and  some  found  in  England  have  been  thus  used.  They 
were  longer  and  more  incurved  than  those  of  either  of  the  existing 
elephants,  some  of  the  tusks  measuring  ten  feet  in  length,  while  the 
transverse  plates  of  the  teeth  were  closer  and  narrower  than  the  Asiatic 
elephant,  and  very  different  therefore  from  the  African  (Loiodon),  in 
which  the  plates  of  enamel  form  lozenges  on  the  upper  surface. 

The  figure  forming  No.  49  of  the  Fossil  Groups  will  give  an  idea  of 
the  probable  appearance  of  the  mammoth  when  living,  an  idea  taken  by 
Mr.  Baily  from  Mr,  Waterhouse  Haw'kins’s  Diagrams  of  Fossil  animals. 

At  Kscholtz  Bay  the  cliffs  are  said  to  be  either  ice  or  coated  W'ith 
ice,  and  on  the  top  of  them,  embedded  in,  and  partly  covered  by,  boggy 
and  sandy  soU,  are  numberless  bones  tliat  have  lost  but  little  of  their 
animal  matter,  hair  being  dug  up  with  them,  and  the  whole  island 
having  a charnel-house  smell.  The  bones  were  those  of  Ekpkas  pritni- 
geniusy  Equm  fossilsy  Cerms  dices  (moose  deer),  and  C.  Taratidus  (or 
fossil  reindeer),  Ovihos  (fossil  musk  ox),  Ovibos  maximum  (a  musk  ox  of 
greater  size  than  any  living  one).  Bison  latifrons  (Arctic  fossil  Bison), 
Bison  crassicornis  (heavy  homed  bison),  and  other  bovine  animals. — 
(Richardson’s  Polar  VoyageSy  p.  296.) 

A whole  carcass  of  the  Rhinoceros  tichorhinus  has  been  in  like  man- 
ner dug  out  of  the  frozen  soil  of  Siberia,  and  is  described  by  Pallas  as 
covered  by  a woolly  coat. 

No  remains  of  these  woolly  animals  have  been  found  south  of  the 
Alps,  nor  anpvhere  in  any  other  than  Pleistocene  deposits, — {Falconer) 

Tlie  Megaceros  Hibemicus  w'as  not  an  Elk,  as  it  is  often  called,  but 
a true  Deer,  intermediate  between  the  fallow’-deer  and  the  rein-deer — 
{Owen.)  It  inhabited  the  same  frozen  plains  w’ith  the  Mammoth  and 
the  woolly  Rhinoceros,  and  w’ith  them  w^as  the  prey  of  the  gigantic 
Cave  Bear  and  the  Cave  Hyaena,  and  other  carnivora  of  the  period.* 

* Tlie  great  antlere  of  the  Megaceros  Hibemicus,  with  their  broad  palms,  arc  sometimea 
8i>oken  of  as  likely  to  prevent  its  travelling  through  woods.  The  animal  is  usually  set  up, 
and  drawTi  with  its  horns  erect  and  pointing  forward,  but  if  the  neck  be  cuired  and  the 
nose  of  the  animal  thrown  up,  in  the  attitude  in  which  deer  gallop  through  woo»is,  it  will 
bo  seen  that  the  broad  palms  of  tlie  antlers  will  fall  back  over  liis  flanks,  forming  an 
admirable  protection  from  stum])s  and  old  jiiggcd  branches,  such  as  convert  some  iwirts  of 
northern  stunted  forests  into  an  almost  impenetrable  thicket.  The  broad  i>alms  of  the 
horns  would  thus  facilitate  the  animal’s  imssage  as  ho  dashed  through  the  old  forest,  while 
their  tynes  would  all  point  backwards. 
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Tlie  remains  of  the  gigantic  Irish  Deer  or  Big  Horn  are  foimd  as  far 
south  as  the  foot  of  the  Pyrenees,  and  abundantly  in  some  parts  of 
Austria,  although  they  are  most  mimerous  in  Ireland,  probably  because 
lakes  were  more  numerous  there,  in  the  clay  of  which,  and  in  the 
bottom  of  the  peat  bogs  that  eventually  spi^cad  over  them,  tlie  remains 
were  better  preser\’’ed  than  elsewhere.* 

Not  only  was  the  Irish  Big  Horn  an  inhabitant  of  Europe,  but  some 
of  the  other  animals  which  inhabited  Europe  during  the  Pleistocene 
period  spread  into  that  part  of  it  which  now  forms  Ireland.  This 
is  certainly  true  for  the  Mammoth,  the  Rein-deer,  and  the  Cave  Bear, 
although  the  remains  of  these  have  not  been  found  so  abundantly  in 
Ireland  as  in  England  and  many  parts  of  the  Continent. 

The  discovery  of  the  skeleton  of  a Mammoth  (the  teeth  only  being 
preserved)  in  the  nortli  of  Ireland,  is  recorded  in  the  Philosophical 
Transactions^  in  a letter  from  Mr.  Francis  Nevil  to  the  Bishop  of 
Clogher,  dated  July  29th  1715.  The  bones  and  teeth  were  found  four 
feet  below  the  suiface  in  sinking  the  foundations  for  a mill  at  Maghery, 
eight  miles  from  Belturbet,  and  about  thirty  yards  from  the  brook  which 
divides  the  coimties  of  Cavan  aiul  Monaghan. 

In  March  1859  the  bones  and  teetli  of  the  Mammoth  were  found 
in  a cavity  opened  in  a limestone  quarry  close  to  the  town  of  Dungarvan, 
together  with  some  bones  of  the  Cave  Bear,  the  Brown  or  Fen  Bear,  the 
Rein-<lecr,  a species  of  Horse  of  a size  intermediate  between  the  common 
horse  and  the  Zebra,  and  the  bones  of  a Hare  and  a Fox  (Dr.  Carte’s  paper 

* In  a diHcussion  at  the  meeting  of  the  Oeologieal  Society,  Dublin,  on  11th  December 
IStfl,  several  instances  were  meutionctl  of  the  bones  of  the  Megaceros  being  found  in  peat 
bog,  w’here,  however,  they  seemed  to  be  g«uicrally  more  decayed  than  wlien  found  in  clay. 
Professor  Haughton  mentioned  the  discovery  of  a perfect  skeleton  in  clay  not  more  than  a 
foot  and  a half  from  the  surface  in  county  Carlow,  and  the  Rev.  Mr.  Brown  slated  that  he 
wa.s  present  at  the  disinterring  of  a specimen  from  a sand  bed  In  an  Esker  ridge  between 
Ballinu.Hloc  and  Ahasercagh  at  a depth  of  fifteen  feet  from  the  surface,  the  bones  being 
gniatly  decomposed. 

A very  learned  paix*r  on  the  Natural  Ilfstorj'  of  the  animal  by  Dr.  Scouler  will  be  found 
in  the  first  volume  of  the  Journal  of  the  Dublin  Geological  Society,  in  which  he  discusses 
the  mention  of  large  deer  by  Pausanias,  by  Julius  Capitolinus,  by  Oppian,  and  by  Pliny,  and 
also  the  mention  of  the  “ Schcleh  ” along  with  other  animals  in  tlie  Niebclungen  lied  ; and 
enters  fully  into  the  subject  of  the  iwssible  identity  of  some  of  these  animals  with  the 
Megaceros  Hibemicus,  and  als<»  examines  the  evidence  then  known  as  to  the  association  of 
the  bones  with  human  implements.  He  also  mentions  the  finding  of  a skeleton  in  gravel 
near  Enniskerry,  the  bones  being  quite  rotten. 

Tlie  student  will  recollect  tliat  the  state  in  which  a fossil  is  found  depends  on  the  mate- 
rial in  wltich  it  has  been  deposited,  and  not  on  the  time  it  has  lain  there.  Dr.  Buckland 
had  soup  made  from  some  of  tlie  bones  of  extinct  animals  found  in  the  clay  of  a cave  be- 
neath a covering  of  stalagmite.  Wo«id  and  shclis,  scarcely  at  all  altered,  are  found  in  far 
older  deposits  than  those  of  the  Pleistocene  period.  It  appears  then  Umt  the  bones  of  the 
Irish  deer  have  been  found,  1st,  In  Drift  sand  and  gravels  ; 2d,  In  lacustrine  deposits  over 
the  Drift ; and,  3d,  In  the  peat  over  the  lacustrine  deposits  ; their  remains  being  best  pre- 
served in  the  second  and  worst  in  the  first  case. 
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in  Journal  of  Royal  DulAin  Society ^ No.  iv.)  The  bones  were  said  to  have 
l>een  in  great  abundance  when  first  found,  being  covered  by  broken 
fragments  of  limestone,  which  Dr.  Carte  supposes  to  have  been  the  ruins 
of  the  roof  of  a cave. 

The  horns  of  the  Rein-<leer  have  been  found  in  other  localities,  with 
those  of  the  Megjiceros,  as  recorded  by  Professor  Oldham  (in  voL  iil  of 
tlie  Jour,  of  the  (Jtol.  Soc.  Dub),  where  he  de.scribes  a cutting  through  a 
bog  at  Kiltieman,  a few  miles  south  of  Dublin.  He  states,  that  in  a 
Layer  of  about  tw’o  feet  of  mud  and  vegetable  compost,  covered  by  two 
feet  of  sand,  and  that  again  by  four  feet  of  bog,  the  heads  and  antlers  of 
thirty  Elks  (Megaceros)  were  found,  together  with  two  heads  of  Rein- 
deer with  perfect  horns.* 

Rein-<leer  horns  are  also  said  to  have  been  found  in  Lough  Gar, 
county  Limerick  ; and  the  skulls  of  Bears  (supposed  to  be  the  bLack 
bear  of  Europe),  some  feet  ljeneath  the  surface,  in  bogs  in  the  counties 
of  Kildare  and  Westmeath,  and  also  in  the  county  of  Clare  {ExjAana- 
tion  of  itheet  133  maps  of  Geol.  Surv.  Irelaml). 

Buckland  shewed  long  ago,  in  his  Reliqnue  DiUiviana:  (of  which  he 
afterwards  acknowledged  that  the  latter  jxirt  of  the  title  originated  in 
mistake),  that  the  old  Bears  and  Hyaenas  of  England  and  Germany  inha- 
bited for  a long  time  the  caves,  in  which  their  remains  are  most  abun- 
dantly found,  as  their  dens,  and  dragged  into  them  for  their  foo«i  the 
other  animals,  or  pieces  of  them,  of  which  the  remains  are  also  found 
there.  In  the  dens  of  these  old  extinct  Hyaenas  of  the  British  islands 
the  bone.s  of  the  other  animals  are  found  broken  and  gnawed  as  Hyaenas 
now  break  and  gnaw  bones,  and  even  the  smoothed  rocks,  which  were 
the  old  rubbing  places  of  the  animals,  and  their  fossil  dung  {ctyprolU^i)<t 
have  been  preseiv’ed. 

The  newer  Tertiary  Fauna  of  Amerim,  Auetralia^  etc. — We  have 
alrea<ly  seen  that  during  the  Pleistocene  period,  as  well  as  at  present, 
the  northern  regions  of  Europe,  Asia,  and  America,  fonned  one  zoo- 
logical jirovince.  It  appears  that  the  Mammoth  [El.  prirnigenius)  range<l 
quite  as  far  south  in  America  as  it  did  in  Euroj)e  at  one  time,  and 
indeed  much  farther  south — {Sir  C.  J^yelVs  Travels  in  N.  America^  vol. 
ii.  p.  58) — if  the  identification  of  its  remains  by  the  American  geologusta 
l>e  a correct  one,  and  there  be  no  other  sjHJcies  there  correspondbig  to 
the  El.  antiquus  ox  priscus  of  Europe.  The  Mastodon  is  said  by  Sir  J. 
Richaixlson  never  to  have  gone  nortli  of  the  Saskatchewan  River,  about 
latitude  51®. — {Polar  Voyages,  p.  296.)  Some  of  the  remains  of  Mas- 
todon, at  Big  Bone  Lick,  Kentucky,  were  comjmratively  of  recent  date, 
since  a half  digested  vegetable  mass  found  within  the  ribs  of  one 
skeleton. — {Lydl) 

* I )>cli<r\'c  these  horns  were  more  like  those  of  the  Carabou  {CerJ  bceu/X  or  Reindeer  ot 
North  America,  than  those  of  the  Lapland  Reindeer. 
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la  the  southern  part  of  Nortli  America  the  remains  of  animals 
called  Mitstodoii  giganteus  and  El.  priruigenius,  and  an  animal  inter- 
mediate between  Lophiodon  and  Toxodon,  and  called  Harlanus  Anieri- 
canus,  a fossil  liorse,  and  others — {Lydl,  Q.  J.  G.  vol.  ii.  p.  406) — 
are  found  together  with  those  of  Megatherium  and  Mylodon,  thus 
leading  us  to  the  remarkable  Pleiocene  and  Pleistocene  fossil  Mammalia 
of  South  Americiu 

Tliis  South  American  fossil  fauna  includes  progenitors,  many  of 
them  gigantic  ones,  of  the  peculiar  existing  fauna  of  South  America. 
The  leaf-eating  sloths  of  the  present  day,  that  inhalnt  trees,  were  preceded 
by  gigantic  sloth-like  animals,  that  tore  trees  down,  as  the  Mylodon, 
which  was  11  feet  long  ; the  Megatherium,  18  feet  long  ; the  Megalonyx 
and  Scelidotlierium.  The  little  existing  Armadillos  were  anticipated 
by  the  Glyj>todon,  whose  curved  back,  with  its  tesselated  coat  of  mail, 
measures  7 feet  across  and  5 feet  long  ; and  the  whole  animal,  from 
the  snout  to  the  end  of  its  loricated  tiiil,  must  have  measured  9 feet. 
Tlie  Llamas  were  prefigured  by  an  extinct  genus  called  Macrau- 
chenia,  the  Opossunu  by  extinct  species  of  Didelphys,  the  Platyrhine 
Monkeys  by  extinct  species  of  that  group  of  the  Quadrumana,  the  Tapirs 
by  species  of  Tapir,  and  the  Peccaries  by  five  extinct  sjxjcies  of  Dico- 
tyles.  Til  ere  were  also  one,  if  not  two,  Mastodons,  an  extinct  species 
of  Horse  (of  which  no  living  representative  existed  in  America  when 
first  discovered  by  the  Spaniards),  and  extinct  species  of  Carnivora 
{Fell's,  Canis,  etc.),  and  other  animals.  MM.  Lund  and  Claussen  are 
said  to  have  brought  from  the  Cave  and  other  recent  deposits  of  Brazil, 
no  fewer  than  101  species  belonging  to  50  genera  of  animals. — 
{D^A  rchiac,  Hd.  p.  de,  la  G.,  voL  ii.  p.  383) — and  Charles  Darwin 
added  to  the  List  (see  his  NatumlisCs  Voyage,  and  Geology  of  S. 
America,  etc). 

Australia, — Passing  over  to  Austmlia,  which  now  forms  such  a 
peculiar  zoological  province,  we  find  in  the  wives  and  the  recent  fresh- 
water deposits  of  that  country,  the  remains  of  many  extinct  animals, 
having  the  same  general  tj-pe  of  stnicture  with  those  that  now  live 
there.  Gigantic  Kangaroos  {Macropus  Atlas,  and  Titan),  rivalling  a 
horse  in  size,  formerly  roamed  over  the  plains  ; a Wombat  {Phascolomys 
gigas),  a.s  large  as  a Tapir,  and  an  animal  {Dijyrotodon)  mtermeiliate  be- 
tween a Wombat  and  a Kangaroo,  also  existed,  the  skull  of  which  (now 
in  the  British  Museum)  is  3 feet  in  length,  and  another  {Xototherium) 
somewhat  smaller,  and  between  a Kangaroo  and  a Koala  {Phascol- 
arctos).  These  animals  were  preyed  upon  by  carnivorous  marsupials  of 
corresponding  size  ; the  Thylacoleo  haidng  been  as  large  as  a Lion,  and 
other  lesser  ones  probably  existing,  of  less  size,  but  with  os  much  ferocity 
and  voracity,  perhaps,  as  are  possessed  by  the  living  carnivorous  marsu- 
pials now  restricted  to  Tasmania,  and  known  as  the  native  Tiger 

2 H 
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{TkylaciTvus-cynocephalui)^  and  the  native  Devil  {Dasyurus  or  Sarto- 
philus  ursinus). — Palaeontology. 

ProfeBsor  Owen  has  also  described  a gigantic  land  lizard  (perhaps 
20  feet  long)  from  these  Australian  Pleistocene  deposits,  under  the 
name  of  Megalania  prisca — {Lin,  TransactionSy  1858) — ;-and  states  that 
it  is  allied  to  the  present  Australian  Monitors  and  Lace  Lizards. 

In  New  Zealand  we  find  the  fossil  remains  of  a gigantic  wingless 
bird  {Dinomis)  allied  to  the  small  wingless  bird  {Apteryx),  which  still 
lives  in  that  coimtry  ; another  extinct  ally  of  it  being  called  Palapteryx. 
Of  the  Dinomis,  Professor  Owen  believes  that  there  have  been  eight  or 
nine  species  of  various  sizes,  from  3 feet  to  10  feet  in  height.  He 
believes  that  he  has  good  e^'idence  that  at  least  one  species,  D.  elephan- 
to2yue,  so  named  from  its  toe  bones  rivalling  those  of  the  elephant,  was 
exterminated  by  the  natives  ; its  bones  having  been  found  ^idth  every 
aj)pearance  of  ha>'ing  been  cooked. 


Fossil  Fig.  No;  50. 

New  Zealand  Pleistocene  Fossils. 

Dinomis  giganteos. 

In  the  Island  of  Madagascar,  gigantic  fossil  eggs,  thirteen  or  fourteen 
inches  long,  have  been  found,  and  also,  I believe,  some  bones,  and 
attributed  to  a large  extinct  bird,  to  which  the  name  of  jEpyomia  has 
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been  given.  Tlie  Mauritius  was  inhabited  by  the  Dodo  {Didus  inephis)^ 
which  was  exterminated  by  the  Dutch  ; the  islands  of  Bourbon  and 
Rodriguez  by  the  Solitaire  (Pezopkaps)  ; and  the  little  islands  called 
Phillip  and  Norfolk  Island,  by  large  and  beautiful  parrots,  which  are 
also  now  extinct. 

Tlie  Cape  Barren  goose  of  Ba.s8’s  Straits,  and  the  Black  Swan  of 
Australia,  are  destined  to  share  the  same  fate,  if  the  former  has  not 
already  imdergone  it 

Neither  is  this  dying  out  and  extinction  of  species  confined  to  the 
more  remote  or  more  newly  discovered  parts  of  the  world,  for  if  we 
return  to  the  noithem  hemisphere  and  the  Atlantic,  we  hear  that  the 
Great  Auk  (Alca  tmpenuf),  if  it  do  still  survive  on  an  islet  on  the  coast 
of  Iceland,  will  soon  disappear,  together  probably  with  the  last  of  the 
Pleistocene  manmials  that  yet  linger  on  the  earth,  namely  the  Musk 
Ox  {Ovihos  moschatus). 

The  local  extinction  of  species,  too,  is  remarkable  in  the  total  dis- 
appearance of  the  beaver  and  the  wolf  from  England  since  the  com- 
mencement of  the  historic  period  ; and  the  still  more  recent  extermi- 
nation of  the  capercailzie  in  Scotland,  the  bustard  in  England,  and  the 
wolf  in  Ireland,  the  last  having  been  destroyed  in  Kerry  so  recently  as 
the  year  1710.  The  raths,  or  so  called  Danish  camps,  so  numerous  in 
Ireland,  w'cre,  I believe,  chiefly  ohl  cattle  folds  to  protect  the  cattle  at 
night  from  the  W’olves. — (Scouler  on  Animals  'which  have  disappeared,  etc., 
J.  D.  O.  S.,  vol.  i.) 

Flmt  Implements  in  the  Drift. — The  mention  of  animals  that  have 
certainly  been  exterminated  by  man  during  historic  times  leads  us  na- 
tui*ally  to  the  investigation  of  the  question,  how  far  the  human  species 
may  have  existed  contemporaneously  with  some  of  those  which  have 
died  out  long  before  the  times  of  either  history  or  tradition,  and  how  far 
man  may  have  aided  in  their  extermination. 

For  mimy  years  statements  had  been  made  as  to  the  occmrence  of 
human  ramains  in  caves  and  other  places  associated  with  the  remains  of 
extinct  animals  ; and  also  tliat  skeletons  of  the  Irish  deer  [Meg.  Hih.) 
in  Ireland,  and  of  the  Mastodon  in  America,  had  been  found  beaiing 
tlie  marks  of  w'ounds  inflicted  by  human  weajions. 

There  was,  however,  too  much  doubt  about  most  of  th(ise  cases  for 
geologists  to  accept  them  as  conclusive  evidence  in  favour  of  the  con- 
temporaneity of  a race  of  men  wdth  the  older  extinct  animals.*  Man 

* n><>  human  skulla  ami  bones  described  by  Dr,  S<!hinerllng  of  Liege,  In  1833,  as  found 
mingled  with  bones  of  many  extinct  auiumls,  in  a cave  200  feet  above  the  Meuse,  and  ns 
iMjing  in  the  same  state  as  to  fracture,  colour,  and  condition,  with  the  other  bones,  was 
Justly  considered  a strong  case  in  favour  of  the  human  and  animal  bones  having  been  de- 
posited contemi»oraneously  by  natural  causes.  The  Hint  implements  found  by  the  Rev. 
Mr.  M'EJnerj’,  Roman  Catholic  clergyman  of  Torquay  (whose  name  all  geologists  were 
familiar  witli  thirty  years  ago),  in  the  cave  called  Kent’s  Hole,  seems  to  have  been  another 
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digs,  and  may  therefore  have  dug  up  fossil  bones  or  buried  those  of  his 
owu  race  ; if  lioles  in  bones  were  rciiUy  tlie  residt  of  wounds  received 
during  life,  they  may  have  been  made  by  homed  animals  in  fight,  or 
by  haixl  stakes  while  the  living  animals  were  j)eneti-ating  thickets,  or  by 
other  accidents.  The  human  skeleton  found  fossil  in  the  Island  of 
Guadaloupc,  and  now  preser\-ed  in  the  British  Musemn,  is  enclosed  in 
a coral  rock  that  may  be  of  quite  recent  origin,  since  similar  rock  is 
fonned  now  in  tlie  banks  on  coral  reefs,  or  wherever  calcareous  grains 
are  heaped  ui)ou  coasts. 

Discoveries  have,  however,  been  ma<le  within  the  last  few  years, 
which  have  brought  the  results  of  human  workmanship  ■within  the 
8coj)e  of  the  same  kind  of  evidence  as  that  on  which  the  geologist  relies 
in  all  liis  other  deduction.^,  and  which  clearly  proves  the  workmen  to 
have  been  contemi)oraneou8  with  the  Mammoth  and  other  extinct  ani- 
mals, and  that  they  lived  at  a time  wlien  the  physical  geography  of 
Noilhern  France  jmd  Southern  England  at  least  was  rather  dilferent 
from  what  it  is  now. 

These  discoveries  are  excellently  described  by  Mr.  Prestwich  in  the 
PhilosGjt/ucal  Transactiom,  I860,'  part  ii.,  and  Mr.  J.  Evans,  in  the 
Archa’olo(fia,  vol.  xxxviii.,  from  which  papers  the  following  account  is 
abstracted: — In  1841  M.  Boucher  de  Pertlies  of  Abbeville  found  the 
firet  flint  implement  in  the  drift  of  that  neighbouihood,  and  published 
an  account  of  his  discoveries  in  1847  and  1857  ; but  it  was  not  till 
1851)  that  his  work  attracted  the  notice  of  geologists  in  general; 
and  the  French  loadities  were  visited  by  Messrs.  Prestwich  and  Evans, 
from  whose  reports  they  were  afterwaixls  examined  by  Sir  0.  Lyell 
and  by  MM.  Desnoyers  and  Hebert,  and  other  most  comi)etent  and 
trustworthy  observera. 

Tlie  river  Somme  now,  on  approaching  the  sea,  “winds  through  a 
valley  about  a mile  in  width,  the  bottom  of  that  valley  having  allu\*ial 
fiats  of  silt  and  peat  ; and  the  Chalk  hills  on  each  side  of  it  rising  gently 
up  to  heights  of  200  to  400  feet  above  the  sea,  hills  of  500  or  COO 
being  only  met  ■with  in  the  interior  of  the  country.  Abbeville  and 
Amiens  are  both  on  this  river,  the  first  at  fouiieen,  and  the  latter  at 
forty-one  miles  from  the  sea,  the  mean  level  of  the  river  being  60  feet 
at  Amiens  and  18  feet  at  Abbeville  above  the  mean  level  of  the  tide  at 
St.  Valery  at  the  mouth  of  the  river.  Tlie  Chalk  hiUs  are  covered  here 
and  there  with  Drift  sands  and  gravels,  both  on  the  higher  grounds  and 
on  the  slopes,  dow'n  to  the  river  valley,  where  the  Drift  passes  under  the 
silt  and  peat  of  the  alluvial  fiats.  This  Drift  is,  in  some  places,  20  or 

good  ease  in  proof.  Dr.  Falconer  has  lately  found  implements  associated  with  bones  of  ex- 
tinct animals  in  a cave  near  Palermo  in  iJicily.  MM.  Lund  and  Claussen,  in  like  manner, 
found  Iminnn  remains  associated  with  those  of  extinct  animals  in  the  caves  of  Brazil,  under 
circumstances  which  satisfied  them  of  their  conteuiporaucous  existence. 
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30  feet  thick,  resting  on  an  uneven  eroded  surface  of  Chalk,  and  consists 
of  sands  and  gravels,  which  lie  often  in  regular  layers  over  considerable 
areas,  but,  like  all  such  deposits,  are  variable  in  the  thickness  and  con- 
stitution of  their  beds,  wlien  places  a mile  or  two  apart  are  compared 
with  each  other. 


_ _ o Railway 

Catnoiis.  R.  Somme,  cutting.  Bt.  Acheul. 

S.W. 


Fig.  1-23. 

Section  across  Valley  of  Somiuo,  near  Amiens,  reduced  from  Mr.  Prestwich’s  section  in  the 
Phil.  Trans. — llorizoutal  distance  about  2 miles. 


The  lower  part  of  thi.s  .section  is  in  chalk,  rcpre.scnted  by  the  horizontal  strokes.  The 
dotted  i>ortion  represents  the  “ drift,”  in  which  the  flint  Implements  are  found  associated 
with  the  remains  of  extinct  mammalia,  and  with  recent  land  ami  fresh-water  shells,  and 
occasionally  some  marine  .shells.  The  imdotted  lajds  above  that,  and  on  the  sloi)e  of  the  chalk 
at  Camons,  and  in  the  valley  south-west  of  the  hill  marked  210  feet,  are  the  brick  earth  and 
angular  Hint  gravel.  The  upper  uiidottod  part  on  the  Hats  of  the  Bomme  is  silt  and  ]>eat. 

Marine  shells  are  found  in  the  Drift  at  some  places,  but  at  others 
land  and  fresh-water  shells,  of  the  same  species  for  the  most  part  as  now 
inhabit  the  country,  are  found  much  more  abundantly  ; teeth  and 
tusks  of  the  Mammoth,  remains  of  the  woolly  Rhinoceros,  and  other 
extinct  animals,  are  al.so  found,  and  also  a number  of  flints  that  have 
ob\’iously  been  worked  into  parts  of  weapons  or  implements  by  the 
hamls  of  man. 

Tlie  flint  implements  and  extinct  animal  remains  are  found  chiefly 
in  the  lower  parts  of  tlie  Drift,  often  under  more  than  20  feet  of  un- 
disturbed stratified  sand  and  gravel,  and  evidently  deposite<l  in  the 
water  in  which  the  Drift  was  deposited.  Tliey  occui*  both  near 
Abbeville  and  Amiens,  at  various  heights,  up  to  90  feet,  or  thereabouts, 
above  the  river,  often  beneath  ground  which  is  the  highest  in  tlie 
immediate  neighbourhood,  having  gentle  slopes  from  it  in  all  dir(‘ctions. 
It  is  therefore  iinjiossible  with  the  present  outline  of  the  coimtry,  and 
tlie  pre.sent  depth  of  the  river  valley,  and  relative  levels  of  land  and 
sea,  that  any  fre.sh-water  lake  or  river  could  have  existed  over  the  spots, 
and  yet  the  sands  and  gravels  have  evidently  been  deposited  beneath 
fresh  water. 

The  following  is  a section  of  one  of  the  gravel  pits  at  St.  Acheul 
near  Amiens,  where  the  geneml  level  of  the  ground  is  149  feet  above 
the  sea,  and  89*  feet  above  the  Somme.  This  ground  slopes  gently 

* These  arc  measurements  accurately  levelled  by  civil  engineers. 
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to  the  N.E.  for  about  a quarter  of  a mile  as  far  as  the  rail\ray  cutting, 
and  then  more  steeply  to  the  flats  of  the  river.  To  the  south,  of  St. 
Acheul  it  is  not  commanded  by  any  higher  ground,  since  there  is  a 
hollow  between  it  and  the  foot  of  the  hills  to  the  southward. — (See 
fig.  123.) 

Ft-  In. 

4.  Surface  soil  ........08 

3.  Brown  loam  in  foiu  beds,  some  of  them  slightly  calcare- 
ous, others  not  so;  a few  natui-ally  formetl  fnigmentsof 
flint  in  some  ])laces;  no  organic  remains  or  flint  imple- 
ments. This  is  the  Brick  earth  . . . .12  2 

2.  "White  siliceous  sand  and  marl,  with  a few  large  suban- 
gular  flints  or  blocks  of  sandstone,  etc. — {Land  and 
fresh-water  shells  common  ; some  Mammalian  remains  ; 
fint  imjdejnents)  . . . . . . . 4 10 

1.  Coarse  subangular  flint  gravel  in  a base  of  white  silice- 
ous sand,  "wnth  whole  and  broken  flints,  pieces  of  Ter- 
tiary sandstone,  etc.,  and  Tertiarj’"  and  Chalk  rolled 
fossils,  subordinate  seams  of  sand  sometimes  level 
sometimes  contorted,  remains,  and  fint  im- 

plements dispersed  throughout,  but  chiefly  in  the 
lower  parts.  Shells,  mostly  in  fi*agmeuts  {Ilelijc, 

Limnea,  Pisidium,  Pnpa)  in  some  of  the  sand  seams  6 0 


22  8 


The  flint  implements  are  found  in  some  pits  in  considerable  abund- 
ance, in  others  rarely,  while  in  others  they  have  never  been  found. 

Mr.  Ihestwich  believes  these  fresh-water  deposits  to  be  of  the  same 
age  and  character  as  the  Loess  and  Lehm  of  the  Rhine  valley. 

Similar  flint  implements  have  also  been  found  near  the  village  of 
Hoxne  in  SulTolk  in  some  old  brick  pits.  They  w'ere  described  by  Mr.  J. 
Frere,  in  a letter  read  before  the  Society  of  Antiquaries  in  1797. — (See 
papers  by  Prestwich  and  Evans  already  quoted.) — Here  they  were  found 
in  clay  containing  fresh-water  shells,  and  having  some  layers  of  flint 
gravel,  the  whole  forming  a lacustrine  deposit  in  a hollow  of  the  Boulder 
Clay  which  caps,  or  rather  indeed  forms  the  bulk  of,  all  the  hills  around. 
Tliis  fresh- water  deposit  reaches  within  6 or  8 feet  of  the  summit  of 
the  hill  on  the  slope  of  which  it  rests,  at  a height  of  42  feet  above  the 
adjacent  brook,  53  above  the  neighbouring  river  Waveney,  and  112 
above  the  sea.  No  groimd  more  than  a few  feet  higher  exists  for  some 
miles  around,  and  its  position  is  such  that  “ no  existing  drainage,  nor 
any  possible  with  this  configuration  of  the  surface,  could  have  formed 
these  clay  and  gravel  beds  at  the  relative  level  they  now  occupy.” — 


Digitized  by  Googie 


PLEIOCENE  AND  PLEISTOCENE.  703 

( Prestwick.) — The  sheik  prove  them  to  have  been  formed  in  a small 
lake  or  mere. 

In  May  1861,  Mr.  Prestwich  read  to  the  Geological  Society  of 
London  a paper  giving  accounts  of  more  recent  discoveries  of  flint  im- 
plements, with  remains  of  extinct  animals,  near  Bury  St  Edmunds  in 
Sufiblk,  near  Heme  Bay,  and  at  Swale  Cliff  near  Whitstable  in  Kent, 
near  Bedford,  and  in  Surrey  and  Hertfordshire,  and  calls  attention  to  many 
other  places  at  which  they  will  prol>ably  be  found  when  searched  for. 

Nobody  could  see  a tray  full  of  these  flint  implements,  such  as  the 
collection  of  Sir  C.  Lyell  and  others,  and  retain  a remnant  of  a doubt 
for  an  instant,  that  they  had  been  fashioned  by  human  hands.  Some 
of  them  are  like  rude  arrow  or  spear  heads,  while  others  seem  as  if 
intended  for  digging  or  gmbbing  up  roots,  being  chij)ped  to  a strong 
rather  curved  point  at  one  end,  while  the  natural  undulating  surface  of 
the  flint  is  retained  at  the  other,  the  flint  having  been  apparently 
chosen  on  account  of  its  natural  indentations  at  that  end  fitting  to  the 
shape  of  the  hand,  and  giving  a good  grasp  to  the  fingers.  The  un- 
chipped parts  have  the  natural  white  coating  which  is  commonly  seen 
on  weathered  flints,  while  the  chipped  parts  have  the  dark  colour  of 
the  interior. 

There  can  then  be  no  longer  any  doubt  that  man  not  only  existed 
on  the  earth  generally,  but  even  inhabited  these  countries,  before  the 
extinction  of  the  following  animak,  which  were  then  also  inhabitants  of 
the  same  region  : — Elephas  primigenius  and  antiquus.  Rhinoceros  tichor- 
hinus.  Hippopotamus,  Equus  fossilk,  Cervus  somonensis,  Cervus  tarandus 
prkcus,  Bos  primigenius,  Ursus  spelaeus,  Hyosna  spehca,  Felis  spekoa  ; 
and  there  can  be  little  hesitation  in  admitting  that  M^aceros  Hibernicus 
and  others  were  most  probably  also  in  existence  then.  What  race  of 
men  it  was  that  had  to  defend  themselves  with  rude  flint  weapons 
against  the  great  bears,  lions,  and  hyasnas,  and  preyed  with  them  on  the 
old  reindeer  and  other  cervine  and  bovine  or  pachydermatous  and  pro- 
boscidean animak,  and  how  many  thousand  years  have  elapsed  since 
then,  we  are  left  to  conjecture. 

Any  one  who  has  read  carefully  the  preceding  pages  can  judge  for 
himself  as  to  the  time  requisite  for  the  animals  to  have  become  extinct, 
and  for  the  alteration  in  the  levels  and  the  minor  features  of  the  surface 
of  the  ground  to  have  been  produced. 

The  climate  may  have  then  been  more  excessive  than  now,  but  not 
perhaps  more  so  than  that  of  Newfoundland  at  the  present  day,  which 
k in  the  same  latitude  as  the  northern  part  of  France,  and  is  still 
inhabited  by  reindeer  and  bears,  and  even  invaded  occasionally  by  the 
Polar  bear  landing  from  an  ice  floe,  and  which  a century  ago  w'as  in- 
habited by  a race  of  Red  Indians,  who  lived  chiefly  on  the  reindeer, 
and  the  last  of  whom  have  either  perkhed  or  fled  to  the  Labrador  witliin 
the  last  thirty  years. 


CHAPTEE  XL. 


THE  RECENT  PERIOD. 

Having  brought  down  our  geological  history  to  the  recent  period  cha- 
racterised by  the  existence  of  man  uj)on  the  earth,  we  might  naturally 
be  called  upon  to  continue  it  even  to  the  pre.sent  day,  and  to  give  an 
account  of  the  geological  changes  that  had  Uiken  place  during  the  lapse 
of  human  liistory,  and  of  those  which  were  now  in  j)rogress  around  ils. 
If  this  were  done  fully,  it  could  l>e  shewn  that  the  series  of  operations 
had  been  a perfectly  continuous  and  equable  one,  even  although  our 
history  of  them  might  be  incomjdete.  Whatever  may  have  been  the 
moral  significance  of  the  appearance  of  man  upon  the  globe,  it  has,  in 
a natund  history  point  of  view,  been  but  the  introduction  of  one  more 
animal,  su|K?rior  to  the  rest  in  intelligence  and  therefore  in  jwwer.  We 
cannot  find  any  geological  evidence  of  any  internij>tion  in  what  is 
commonly  called  the  “ ccrurse  of  nature,”  of  any  alteration  in  the 
physical  laws,  nor  any  traces  of  a general  catasti-o])he  or  cataclysm  or 
disturbance  of  any  kind,  occurring  either  just  previous  to,  simultano- 
ously  with,  or  subseipiently  to,  the  introduction  of  man  u}»on  the  globe. 

It  is  impossible  to  apply  a literal  interpretation  to  the  account  of 
the  Noachian  deluge  given  in  the  Bible,  unless  we  are  allowed  to  assume 
that  it  was  a perfectly  supernatural  event,  during  which  all  the  ordinary 
natural  laws  were  comj)letely  suspended.  WaU'r  enough  to  cover  the 
mountains  of  the  earth  must  have  been  miraculouslv  added  to,  and  mi- 
raculously  removed  frc»m,  the  globe,  without  lea\’ing  any  trace  of  ita 
presence. 

Geology  by  itself  shews  us  that  the  mechanical  erosion  of  our 
present  dry  lands,  either  by  the  watere  of  the  ocean  or  those  of  the 
atmosphere,  has  been  going  on  imintemiptedly  from  a vast  indefinite 
peiiod  to  the  present  day.  Tlie  elevation  and  depression  of  the  surface 
of  the  solid  crust  of  the  globe  above  or  below  the  surface  of  the  ocean, 
.seems  equally  to  have  acted  from  the  earliest  geologicyil  periods,  just  as 
it  is  now  acting  in  the  nineteenth  centur}’,  and  even  if  it  could  be 
2uoved  that  its  former  inten.««ity  of  action  must  have  been  greater  than 
now,  we  can  shew  no  proof  of  any  .sudden  change  in  that  intensity  at  any 
particular  period  either  of  geological  or  hiunan  history.  The  alteration 
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in  the  rate  of  movement,  if  it  took  place  at  all  during  our  geological 
liistory,  was  as  gradual  an  alteration  as  the  movement  itself  was  always 
equable  and  gradual. 

Tlie  secretion  of  solid  matter  from  the  ocean  or  the  air  hy  animal 
and  vegetiible  life,  and  the  deposition  of  that  matter  as  a 8oli«l  compo- 
nent part  of  the  earth’s  crust,  seems  also  to  have  been  going  on  from  an 
indefinite  penod  of  past  time  iminterruptedly  down  to  the  present  day. 

Coral  Reefs. — Tlie  vast  Coral  reefs  of  the  Indian  and  Pacific  Oceans, 
rising  from  depths  of  at  least  2000  feet,  are  grand  monuments  of  the 
dumtion  of  this  action.  Mere  centuries  seem  but  units  by  which  to 
count  the  time  that  must  have  elapsed  since  the  conuncncement  of  these 
great  bidks  on  the  coasts  of  the  submerged  lands  on  which  they  began 
to  glow.  Making  all  allowance  for  the  possibility  of  rapid  growth  in 
reef-making  corals,  we  could  not  conceive  it  possible  that  over  a space 
of  a thousand  miles  in  length,  a foot  could  be  added  to  the  average 
height  of  the  reef  in  less  time  than  several  yeui*s.  Even  on  the  sup- 
position, then,  of  the  slow  subsidence  of  the  bottom  being  continuous,  the 
barrier  reef  of  Australia  (as  one  instance)  must  have  taken  several  times 
2000  yeai-s  for  its  formation.^  But  we  have  in  reality  no  evidence  to  prove 
the  subsidence  of  the  base  and  the  growth  of  the  uj)per  and  outer  edge 
to  have  been  continuous,  and  it  seems  to  have  been  stationary  for  the 
last  1 00  years  at  all  events,  and  may  have  been  so  for  many  centuries  ; 
and  such  pauses  in  the  movement  appear  rather  to  be  the  rule  than  the 
exception,  so  that  the  more  we  reflect  on  it,  the  more  does  the  date  of 
the  commencement  of  this  great  reef  recede  into  the  haze  of  past  time. 
And  what  is  true  of  this  single  instance  is  eipially  true  for  the  abdls 
and  barriers  over  the  space  of  6000  miles  in  the  Pacific  Ocean.  Tlieir 
very  number,  too,  adds  to  the  length  of  time  that  unfolds  itself  bidore 
our  reason  as  a necessity  for  their  formation,  since  it  seems  difficult  to 
imagine  them  all  to  have  begun  at  once,  and  the  subsidence  and  upward 
growth  always  to  have  lieen  in  action  over  the  whole  area  at  once,  and 
always  to  have  been  equal  in  amount,  so  as  to  reduce  tlie  time  to  a 
minimum.  When  all  the  significance  of  Darwin’s  explanation  of  the 
formation  of  Coral  reefs  is  taken  into  account,  no  one  can  contemplate 
hismaj)  of  their  distribution  without  profound  interest.  They  are  the 
tombstones  erected  over  the  buried  mountains  of  a submerged  land,  of 
the  former  existence  of  wliioh  we  could  have  had  no  suspicion  if  it  had 
not  been  for  these  piles  of  the  skeletons  of  sea  creatures  thus  heaped 
ujwn  it  during  its  gradual  submergence. 

Volcanoes. — If  we  turn  from  the  Coral  reefs  and  contemplate  the 
extent  and  distribution  of  Volcanoes,  we  have  to  listen  to  another 
version  of  the  same  great  story.  For  this  juirjxise,  the  map  given  in 
the  Earthquake  Catalogue  of  the  British  Association,  by  Mi-.  R.  Mallet, 
and  his  sou  Dr.  J.  W.  Mallet,  Is  a very  convenient  one. 
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Beginning  in  the  South  Shetland  Islands,  in  lat,  62°  south,  a chain 
of  volcanoes  may  he  followed  through  Tierra  del  Fuego,  and  along  the 
Andes  into  Guatemala,  and  the  West  Indies  and  Mexico,  and  thence 
along  the  Cascade  Range  into  Russian  America,  in  lat.  62°  north.  This 
is  comiectetl  by  an  east  and  west  baud  through  the  Aleutian  Islands 
with  the  Asiatic  volcanoes,  which,  commencing  in  Kamtschatka  in  62° 
north,  may  be  followed  dowm  the  Kurile,  and  Japanese,  and  PhiUipine 
Islands,  to  the  Moluccas,  where  they  join  on  to  another  band,  that,  com- 
mencing on  the  coast  of  Binnah,  sweeps  through  Sumatra  and  Java, 
Bali,  Lombock,  and  Sumbawa.  The  two  uniting  in  the  Moluccas,  run 
thence  along  the  north  coast  of  New  Guinea,  and  down  through  the 
intermediate  islands  to  New  Zealand,  south  of  w'hich  the  line  seems  to 
be  continued  througli  the  Balleny  Islands  to  Mount  Erebus  and  Mount 
Terror,  in  lat.  78°  south.  Tliese  two  volcanoes,  rising  to  heights  of 
12,000  feet  among  the  eternal  snow’s  of  the  Antarctic  regions,  lie  be- 
tween the  same  meridians  of  160°  and  170°  east,  as  those  of  the  north 
of  Kamtschatka,  so  that  we  have  here  a sinuous  volcanic  band,  ex- 
tending north  and  south  tlirough  140°  of  the  earth’s  polar  circumfer- 
ence, or  between  9000  and  10,000  miles.  If  we  add  the  branches, 
and  the  American  line,  this  length  will  be  about  doubled. 

The  central  volcanic  islands  of  the  Pacific,  such  as  the  Galapagos, 
tlie  Sandwich  and  Fidjee  Islands,  and  those  of  the  Indian  Ocean,  have 
also  to  be  reckoned. 

Except  the  raised  coral  islands  of  the  Bermudas,  and  the  non-vol- 
canic  islands  of  the  West  Indies,  all  the  Islands  of  the  Atlantic,  from 
Tristan  d’Acunha  to  Iceland,  and  Jan  Meyen  Island,  are  volcanic,  and 
to  these  we  must  atld  the  volcanoes  of  the  Mediterranean  basin. 

The  volcanoes  of  Central  Asia  are  dying  out  simultaneously,  as  it 
appears  wth  the  drying  up  of  the  waters  of  the  internal  basin  of 
drainage,  of  which,  the  Caspian  and  Aral  Seas  are  the  remains.* 

* I do  not  know  tlwt  it  lias  ever  been  remarked  that  the  Mediterranean,  and  its  depend- 
ancy  the  Black  Sea,  and  all  the  countries  the  rivers  of  which  flow  into  these  seas,  belong 
in  reality  to  this  great  internal  basin.  The  current  always  running  in  through  the  Straits 
of  Gibraltar  shows  that  supplies  from  the  ocean  are  necessary  to  keep  the  Mediterranean  up 
to  the  ocean  level  If  those  Straits  then  were  closed  by  land  ever  so  little  above  that 
level,  no  overflow  would  take  jdace  out  of  the  Mediterranean,  and  all  Southern  Europe  and 
North  Africa  would  belong  to  the  same  internal  basin  of  drainage,  separate  from  that  of  the 
great  ocean,  which  extends  from  the  neighbourhood  of  St.  Petersburgh  to  the  Iwrdcrs  of 
China.  It  is  remarkable  that  this  internal  basin  would  then  bo  connected  in  the  mast 
intimate  manner  with  the  great  complex  mountain  chain  of  the  Old  World,  running 
oast  and  west  from  Spjiin  and  Morocco  into  China.  If  wo  regard  the  Pyrenees  an<l  the 
Atlas  as  two  ]>nrallcl  cordilleras  of  this  cliain,  we  have  the  table  land  of  Spain,  and  the 
western  extremity  of  this  basin  between  them.  We  must  then  look  to  tl»e  mountains  of 
Germany  and  the  Valdai  Hills  of  Rtissia  and  tlie  Altai  mountains  of  Asia  as  the  northern 
ranges  of  this  great  chain  throwing  off  tlie  drainage  of  its  outer  slopes  to  the  Arctic  Ocean, 
and  regard  the  Mongolian  and  Himmalayah  mountains  os  its  eastern  and  southern  borders 
in  Asia,  while  in  Africa  that  southern  border  must  be  extended  to  the  mountains  from 
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Throughout  all  the  vast  spaces  thus  briefly  mentioned,  there  occur 
volcanic  cones,  composed  of  heaps  of  ejected  cinders  and  ashes,  uith 
occasional  lava  flows,  all  braced  together  by  injected  dykes  and  veins  of 
lava.  These  external  pustules,  symptoms  of  the  internal  throes  of  the 
more  deeply-seated  masses  of  molten  rock,  have  all  been  accumulated  in 
the  same  way  that  we  see  them  now  being  accumulated.  Their  pre- 
sent intermittent  action,  indeed,  is  obviously  but  a continuation  of  that 
w’hich  has  been  going  on  from  their  commencement.  We  know  that 
many  of  them  have  lain  dormant  for  great  spaces  of  time,  and  then  burst 
forth  again  into  activity. 

Vesuvius  is  but  a small  example  of  them,  and  it  must  continue  for 
an  immense  period  of  time  to  add  to  its  external  size,  before  it  could 
hope  to  rival  the  vastly  preponderating  bulk  of  Etna.  Yet  we  know 
that  Vesuvius  was  donnant  for  several  centuries  before  our  era,  and 
that  although  it  hiis  continue<l  active  ever  since,  yet  the  subsequent 
accimiulations  have  not,  to  say  the  most,  doubled  the  size  of  the  moim- 
tain  tliat  existed  before  the  year  a.d.  78. 

Etna,  from  all  the  descriptions  of  the  earliest  writers,  was  very  much 
of  the  same  height  and  bulk  2400  years  ago  that  it  is  now,  so  that 
Pindar  could  speak  of  its  being  the  pillar  of  Heaven  and  the  nurse  of 
‘‘  everlasting  frost"  as  well  as  “ containing  the  fountains  of  unapproach- 
able fire.” — {LgelVs  Princ.,  chap,  xxiv.)  It  bears  on  its  flanks  volcanic  hiUs 
of  no  inconsiderable  magnitude,  and  Vesuvius  might  be  almost  hidden 
away  in  the  valley  called  the  Val  del  Bove,  that  runs  do^^^l  one  side 
of  Etna.  Its  base  would  cover  an  English  county,  and  its  smnmit  is 
nearly  11,000  feet  high,  the  whole  being  made  up  internally  of  nume- 
rous small  cones  of  ejection  buried  from  time  to  time  under  the  vast 
piles  of  dust  and  ashes,  and  the  rivers  of  molten  rock  that  have  pro- 
ceeded from  its  dominant  centre. 

If  we  reckon  from  what  we  Jl-noip  of  the  mode  of  action  in  the  for- 
mation of  volcanic  mountains,  taking  into  account  all  the  pauses  which 
occur  between  the  periods  of  action,  to  what  date  are  we  to  refer  the 

which  the  Nile  descends.  All  the  high  lands  between  these  limits  consist  of  long,  but  often- 
int«rru]>tcd,  east  and  west  ranges,  together  with  lofty  table  lands  singularly  alternating  with 
deep  l>osins,  one  of  which,  that  of  the  Dead  Sea,  is  so  greatly  desiccated  that  its  waters  are 
now  1300  feet  below  the  ocean  level  The  Caspian  Sen  even  has  shrunk  to  a depth  of  80 
feet,  and  the  Mediterranean,  and,  therefore,  the  Black  Sea  would  have  shrunk  had  it  not 
been  for  the  sui)ply  through  the  Straits  of  Gibraltar.  Two  broad  spaces  of  low  land,  the  one 
in  Russia,  between  the  Carpathian  and  Ural  mountains,  and  the  other  in  Africa,  between 
the  Desert  and  the  Libyan  Gulf,  seem  to  lead  into  this  interior  basin.  Was  it  formerly 
connected  with  the  main  ocean  through  these  spaces  ? 

Wlicn  the  historj'  of  the  formation  of  the  countries  occupied  by  this  singular  complex 
belt  of  broken  country,  which  comprises  both  the  loftiest  peak  ami  the  lowest  spots  of  dry 
land  in  the  world,  comes  to  be  completely  written,  the  connection  of  this  interior  basin  of 
drainage  with  the  mountain  ranges  and  table  lands  will  doubtless  be  found  to  be  an  im- 
portant part  of  it. 
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commenceniont  of  the  ejections  wliich  fonned  the  oM  mountain  of 
Vesuvius  as  it  stood  before  the  time  of  Plinv  ? and  to  wlxat  more  vast 
and  dim  a)iti<juity  are  we  to  refer  the  beginnings  of  Etna  1 

But  if  tliese  two  mountains  give  rise  to  such  iinansrvvera'ble  ques- 
tions, what  sliall  we  say  when  we  come  to  tlie  general  examination 
of  the  far  larger,  far  hd'tier,  and  still  more  numerous,  volcanic  cones 
which  re^ir  their  heads  along  the  lines  just  now  spoken  of  as  traversing 
whole  c^mtinents  and  crossing  great  oceans  ? The  number  of  cones 
must  be  Uikeii  into  account,  l>ecause  while  we  know  that  all  the  cones 
of  a great  district  are  often  donnant  together  for  long  jx^riods,  we  do 
not  know  of  any  instances  in  which  they  all  become  simultaneously 
active.  A grcat  eniption  in  one  is  indeed  often  sympathized  with  by 
others,  so  far  as  the  emission  of  smoke  or  slight  symptoms  of  actirity 
are  concerned,  but  no  great  additions  to  the  bulk  of  these  piles  are  ever 
made  simultaneously  in  all. 

It  is  not  of  course  intended  to  assert  that  the  commencement  of  all 
the  great  active  volcmioes  of  the  world  dates  from  a jx^riod  later  than 
the  creation  of  the  human  race,  though  most  of  them  seem  to  be  no 
older  than  the  existing  species  of  Mollusca.  Whatever  may  have  been 
the  dates  of  their  origin,  however,  their  action  has  l>een  continued 
through  the  Recent  period  and  therefore  in  part  belongs  to  it 

It  is  clear,  also,  that  since  the  ejection  of  these  piles,  so  many  of 
which  consist  of  loose  materials,  often  so  puiniceous  as  to  float  in  water, 
no  natuml  deluge  could  have  swept  over  the  dry  land  without  leaving 
evident  tmees  of  its  passage,  neither  can  the  cones  have  been  ever 
quietly  submerged  beneath  the  sea  without  traces  of  such  an  occurrence 
being  discernible. 

Movements  in  the  Crust  of  the  Earth. — Earthquakes,  which  are 
so  commonly  the  accompaniments  or  precursors  of  volcanic  enip- 
tions,  ought  also  to  be  described  in  our  continuatiou  of  geological 
history  from  human  reconls.  They  are  obviously  the  external  symp- 
toms of  the  movements  generated  deep  in  the  earth’s  crust  by  the 
action  of  the  heated  interior,  when  that  movement  becomes  convulsive 
instead  of  equable.  Mr.  Mallet’s  Earthquake  Catalogue  conUiins  an 
admirable  resume  of  their  history'  from  the  year  1606  B.c.  down 
to  the  year  1842  a.d.  M.  Penvy  of  Dijon  continues  the  nccoimt  to 
1850.  No  less  a niunber  than  betAveen  6000  and  7000  separate  re- 
corded earthquakes  are  discussed  by  Mr.  Mallet  in  the  rejK)rls  attached 
to  his  Catalo(fue.  During  the  last  four  year’s  of  his  Catalof/uff  he  men- 
tions upwards  of  400  earth([uakes,  or  an  average  of  about  rivo  a Aveek. 
If,  therefore,  Ave  alloAV  for  many  unrecorfled  shocks  Avhich  weiAj  either 
too  slight  for  notice  or  occurred  in  parts  of  the  earth  A\*here  no  record 
of  them  Avas  nia<le,  we  shall  perceive  that  the  crust  of  the  earth  is  in 
fact  in  a perpetual  state  of  Aubration  and  trembling,  uoav  in  one  part, 
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now  in  another.  If  these  movements  are  so  often  felt  even  at  the  sur- 
face, it  seems  th.it  the  internal  and  deeper  seated  parts  of  the  earth’s 
crust  must  be  still  more  frecpiently  aflected,  and  by  movements  of  far 
greater  magnitude  and  intensity  than  those  tliat  reach  that  surface. 

Mr.  Mallet  discusses  the  relations  of  earthquake  energj"  to  both  time 
and  space,  the  distribution  of  earthquakes  over  the  surface  of  the  globe, 
and  their  connection  with  volcanic  districts  ; he  also  describes  the  laws 
of  motion  which  they  seem  to  observe,  comparing  them  with  the  vibra- 
tions produced  artificially  by  great  blasts  of  gunj)Owder,  and  gives  niles 
for  finding  the  depth  of  the  origin  of  tlie  sh«>ck,  and  din;ctions  for 
observing  them  more  systematically  than  has  hitherto  been  done. 

Conclusion. — Tliese  four  great  actions  then — the  destruction  of  rock 
by  chemiail  decomposition  and  mechanical  ert)sion, — the  formation  of 
rock  by  chemicid  or  organo-cheniical  consolidation,  and  by  mechanical 
deposition — the  intrusion  of  igneous  rock  from  below  into  or  over 
aqueous  rock — and  the  bo<lily  elevation  and  depression  of  different  parts 
of  the  wirth-cnist  thus  elabomted — are  still  going' on  now  a.s  they  have 
ever  done  from  the  earliest  jieriods  of  geological  histor}\  Tlie  best 
account  of  their  recent  action  will  be  found  in  Sii*  C.  Ly ell’s  Principles 
of  Geolorfij.  Some  knowledge  of  their  mode  of  action  now  is  necessary 
as  a preliminary  to  the  study  of  their  past  results,  and  they  were 
accordingly  alluded  to  in  earlier  portions  of  this  work,  but  the  geological 
history  of  the  formation  of  the  crust  of  the  earth  would  be  obviously 
incomplete  without  some  mention  of  them  in  theii*  i)roi>er  j>lace  at  the 
close  of  the  story. 

In  like  manner  an  account  of  existing  plants  and  animals,  the  laws 
regulating  their  structure,  their  cla.ssification,  their  mutual  relations,  and 
their  geograjihical  distribution,  would  fonn  a fitting  close  to  the 
palaeontologiciil  account  of  the  extinct  species  of  past  times.  Tlic  exist- 
ing Flora  and  Fauna  that  inhabit  the  globe  are  the  result  of  the  variation 
and  multiplication  of  species  that  have  been  going  on  uninterru])tedly 
along  with  the  physical  changes  that  have  acted  on  its  crust.  No  vio- 
lent break  in  the  continuity  of  the  chain  of  descent,  no  universal 
destniction,  no  sudden  end  to  one  population  and  simultaneous  com- 
mencement of  another,  can  be  proved  to  liave  ever  hapj)cned  or  even 
shewn  to  be  probable. 

Life,  to  the  fullest  extent  in  number  of  individuals,  and  to  the 
utmost  variety  of  forms  that  circumstances  would  allow,  and  with 
the  most  far-seeing  and  omniscient  provision  for  the  wants  and  neces- 
sities of  the  future,  has  evidently  been  the  all-wise  and  all-good  law 
of  creation,  governing  both  animate  and  inaninnite  processes  from  the 
earliest  geological  period  down  to  the  present  time. 


Corrections  in  the  Classification  of  the  Animal  Kingdom  given  at  page  376, 
etc. — Since  Professor  Huxley’s  tabular  classification  was  printed,  I have  received 
from  Professor  Reay  Greene,  who  is  working  in  conjunction  with  Professor 
Huxley,  the  following  improvements  of  parts  of  it.  In  the  sub-kingdom 
Annulosa,  the  following  changes  may  be  made : — 

Class  III. — Arachnida. 

Order  1.  Pycnogonida  . Nymphon.  Order  5.  Galeodea  . Galeon. 

2.  Tardigrade  . Water  Bears.  6.  Araneida  . Spiders. 

3.  Acarida  . Mites.  7.  Scorpionida . S^rpions. 

4.  Phalangida  . Harvest  Men. 

The  order  5 Tardigrade?  will  then  be  erased  from  Class  V.,  and  from 
Class  VI  the  Order  7 Rotifera  will  be  removed,  and  made  into  Class  VII 
Botifera,  In  the  sub-kingdom  Mollusca  the  name  of  Class  III.  may  be 
altered  into  Pulmogasteropo^  and  Classes  IV.  and  V.  may  be  made  into  one 
class  as  follows  : — 

Class  IV. — Branchiogasteropoda. 

Sub-Class  A. — Ba.  Dkbcia. 

Order  1.  Prosobranchiata  . ^Vhelk,  Haliotis,  Vermetus,  Limpet,  Chiton. 

2.  Nucleobranchiata  . Canuaria,  Atlanta,  Firola. 

Sub-  Class  B. — Br.  MoNtEax. 

Order  3.  Nudibranchiata  , Doris. 

4.  Tectibranchiata  . Aplysia,  Diphylliia. 

The  Conchi/era  will  then  form  Class  V.,  and  may  be  divided  into 
Order  1.  Siphonaria  v . Chama,  Cockle,  Venus,  Pholas. 

2.  Asinhonaria  . . Oyster,  Mytilus,  Area,  Unio. 

The  Brachiopoda  will  form  Class  VI.,  and  the  Polyzoa  Class  VII.,  with  the 
following  arrangement: — 

OaoEB  I. — Phylactoloamata. 

Sub-order  1.  Lophopaea  . Cristatella,  Plumatclla. 

2.  Pediceilinea  . Pedicellina. 

Order  II. — Oymnolcemata. 

Sub-order  3.  Omatollea  Umatella.  Sub-order  6.  Ctenostomata  Bower- 

4.  Paludicellia  Paludicellu.  bankia. 

5.  Cyclostomata  Tubulipora.  7.  Cheilostomata  Flustra, 

Eschara. 

In  the  sub-kingdom.  Protozoa^  the  name  of  the  Onler  Lobosa  may  be  changed 
into  Ammba,  and  that  of  Reticularia  restored  to  the  better  known  term  Forami- 
nifera. 

The  Cretaceous  Bodes  of  Oreece. — Since  the  chapter  on  the  Cretaceous 
period  was  in  the  press,  I have  received,  by  the  kindness  of  M.  D’Archiac,  the 
Comptes  Bendus  tor  November  11,  1861,  in  which  he  gives  an  account  of  the 
observations  of  M.  Gaudry  on  Attica.  From  this  it  appears  that  Attica  is 
divisible  by  a line  passing  through  the  Pirseus  into  an  eastern  and  western 
part.  The  western  is  little,  if  at  all,  metamorphosed,  and  consists  of  a thick 
grey  macigno,  like  the  Tertiaiy  Macigno  of  Tuscany,  but  covered  with  wine-red 
schistose  marls  alternating  with  grey  limestone  ana  sandstone,  and  those  by  12 
to  1500  feet  of  Ilippurite  limestone,  the  whole  being  believed  to  bo  of  Cretace- 
ous age.  They  are  much  broken  and  contorted,  and  form  mountains  of  4400 
feet  in  height. 

In  the  eastern  part  of  Attica,  M.  Gaudry  believes  that  it  is  these  very  beds 
that  are  metamorphosed  into  the  talc  schists,  mica  schists  and  crystalline  lime- 
stones to  be  found  there,  so  that  the  marbles  of  Hymettus  and  Pentclicns  are  of 
the  age  of  our  Chalk.  The  old  mines  of  Launum,  of  which  Xenophon  and 
Strabo  speak,  and  from  which  the  ancients  extracted  copper,  lead,  and  iron  ores, 
were  w’orked  in  these  Cretaceous  rocks. 
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APPENDIX. 


♦— 

ON  GEOLOGICAL  SUEVEYING. 

It  has  been  suggested  to  me  that  a few  words  on  the  mode  of  setting  to 
work  to  make  a geological  examination  of  a country  would  he  found  useful. 
Being  provided  with  a large  and  small  hammer,  a pocket  clinometer  and 
lens,  and  in  some  cases  a small  bottle  of  ililute  acid,  the  next  requisite 
is  to  get  a good  map  of  the  groimd  to  be  examinetb  The  scale  of  the 
map  should  be  large  in  proportion  to  the  minuteness  and  detail  of  the 
intended  sur\’ey.  Tlie  Ordnance  maps,  on  the  scale  of  six  inches  to  the 
mile,  are  in  some  cases  too  small  for  accurate  work,  but  for  any  amateur 
work  those  on  the  scale  of  one  inch  to  the  mile  are  generally  large 
enough,  and  their  execution  is  in  all  the  later  maps  very  good.  In  foreign 
countries  maps  on  a much  smaller  scale  have  generally  to  be  used,  and 
often  very  imj>erfect  or  inaccurate  maps.  The  north  of  England  too  has 
not  yet  been  completed  by  the  Ordnance  Survey,  and  large  parts  of 
Scothind  also  are  still  unmapped. 

Supposing  the  observer  to  be  provided  with  the  best  attainable  map, 
and  to  have  unlimited  time  at  his  command,  he  may  first  proceed  to 
make  himself  acfjuainted  vith  the  geography  of  the  countr}'  by  traversing 
it  in  various  directions,  ^’iewing  it  from  its  hill-tops,  and  getting  a 
thorough  knowledge  of  its  external  foim.  In  doing  this  he  must  note  the 
lithological  constitution  of  its  most  prominent  rock  masses,  and  deter- 
mine by  the  methods  pointed  out  in  chapter  iiL  whether  they  arc 
stratified  and  aqueous  rocks,  or  unstratified  igneous  rocks,  or  partly  of 
one  and  partly  the  other  cliaracter. 

He  may  then  conmience  his  more  detailed  sur\'ey  by  marking  doMTi 
on  his  map  every  exposure  of  rock  on  the  exact  space  it  occupies,  and 
colouring  that  space  with  whatever  tint  he  may  select,  to  denote  the 
lithological  or  geological  character  of  the  rock.  If  his  map  be  not  suffi- 
ciently large  to  admit  of  this,  he  must  de.scnbe  the  rock  in  his  note-book, 
with  a reference  to  the  exact  spot  as  accurate  as  he  can  contrive  to 
make  it. 
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If  he  find  nothing  hut  igneous  rocks,  he  must  set  himself  to  deter- 
mine the  dilfereiit  kinds  to  which  they  belong,  and  mark  clo\rn  on  his 
map  the  area  occuj)ied  1)V  each.  On  the  Geological  Survey  carmine  is 
used  for  Granite,  a j)ale  tint  for  large  granite  masse.s,  and  a darker  colour 
for  Elvan  dykes  and  veins.  A sciirlet  colour,  composed  of  carmine  and 
cadmium  y-ellow,  is  used  for  Felstone.s,  and  all  the  more  purely'  feldsj>athk 
traps,  and  would  be  of  coui-se  used  for  Tmchytic  lavas,  wliile  a crimson 
(a  mixture  of  carmine  and  blue)  is  used  for  Greenstone,  Basalt,  and  the 
basic  trap  rocks  and  Doleritic  lavas.  The  varieties  of  each  of  these 
kinds  are  denoted  by  letters. 

In  determining  the  areas  occupied  by  each  kind,  the  observer  will 
of  course  note  the  relations  of  each  to  the  other,  and  whether  one  be 
intrusive  into  the  otlier,  or  what  other  connection  they  may  have. 

In  examining  stmtified  or  aqueous  rocks,  the  obsen’er  will,  in  the 
first  place,  seek  for  some  locality  where  the  best  “ section”  of  these  can 
be  seen,  jus  described  in  Chapter  XII.  The  sea  coast,  or  the  banks  of 
a river,  or  an  iiilaiul  clilf,  will  be  most  likely  to  afford  him  tlie  l>est 
natural  exposuie  of  the  beds  ; a railway  cutting,  or  a road-side  cutting, 
or  a deej)  ditch,  or  any  other  longitudinal  trenching  of  the  ground,  will 
give  him  the  best  artificial  sections.  Failing  the.se,  he  must  visit  all  the 
quarries  or  ])its  of  the  distiict,  must  inquire  after  all  wells  and  mining 
shafts,  and  must  get  the  most  accurate  accounts  he  can  of  the  nature  of 
the  beds  that  were  ])asse«l  through,  and  of  their  “ lie  and  position,”  that 
is  to  sjiy,  the  way  in  which  each  lay  in  the  ground,  and  the  de}>tli  and 
thickness  of  each,  making  particular  inquiries  as  to  the  “ dip  ” of  the 
beds,  or  the  duectioii  in  which  they  “ deepened,”  and  the  rate  of 
deepening. 

In  some  di.sfricts  the  rate  of  deepening  is  reckoned  at  .so  many 
inches  in  a yard,  or  so  many  feet  or  yards  in  a hundred,  in  others  it  is 
stated  a.s  a dip  of  a foot,  or  a yaixl,  in  so  many  feet  or  yaitls. 

Geologists  usually'  .state  the  number  of  degrees  at  wliicli  the  beds 
incline  fn>m  a horizontal  ])laue. 

Table  1 will  give  the  means  of  translating  either  of  these  modes  of 
expression  into  any  of  the  othera,  it  being  understood  that  the  neare.'st 
whole  numbers  are  taken,  and  those  figures  only  given  which  will  be 
found  useful  in  practice. 

The  observer  will  mark  on  his  map  by  a small  arrow  the  direction 
of  the  <lip,  and  write  the  angle  of  dip  iu  figures  alongside  the  arrow,  or 
he  will  enter  the  information  in  his  note-book  to  be  transferred  to  a 
map  subsequently  if  necessary'. 

In  any  operation  re<piirLng  greater  exactness,  more  accurate  instru- 
ments than  a jKicket  clinometer  will  of  course  be  used,  and  the  calcu- 
lations be  made  accordingly. 
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Table  I. 

Shewing  different  modes  of  stating  the  Dip, 

In  this  taUe^onlg  those  mimhers  are  given 'ichich  are  likeigtohe  found 
of  use  in  practice ^ and  that  chief  y to  the  nearest  whole  number j omitting 
fractions. 


Anglo 
of  Dip. 

Incline  of 

Ft.  or  Yds. 
in  100. 

Iurhe.s  in 
a Yard. 

1“ 

1 in  57 

oi 

2“ 

1 in  29 

H 

1 

3“ 

1 in  19 

5i 

2 

4“ 

1 in  14 

7 

2i 

5“ 

1 in  11 

9 

3 

6“ 

1 in  10 

10 

4 

7“ 

1 in  8 

12i 

8“ 

1 in  7 

14 

5 

9“ 

1 in  6 

16 

6 

11“ 

1 in  5 

20 

7 

14“ 

1 in  4 

25 

9 

18“ 

1 in  3 

33 

12 

20“ 

36 

16 

24“ 

44 

17 

26“ 

1 in  2 

50 

18 

Angle 

of 


30“ 

35“ 


40“ 

45“ 


64“ 


72“ 

76“ 

79“ 


81“ 

82“ 

83“ 


Incline  of 


1 in  1 


2 in  1 


3 in  1 

4 in  1 

5 in  1 


6 in  1 

7 in  I 

8 in  1 
etc. 


Ft.  or  Yds. 
in  100. 


58 

69 


83 

100 


Inc:hc.s  in 
a Yard. 


21 

25 


30 

36 


In  highly  inclined  rocks  dipjiing  in  diflerent  ilirections  the  amount 
of  dip  varies  so  fi-equently  that  minute  accuracy  in  observing  it  is  often 
waste  of  time  ; but  the  strike  of  the  beds,  juid  their  course  across 
the  country,  shouhl  be  carefully  observed. 

When  the  surface  of  the  ground  is  very  uneven,  the  obsei^’er  mu.st 
recollect  that  the  strike  of  the  beds  will  not  correspond  with  their 
line  of  outcrop  on  the  map,  or  will  only  correspond  with  it  on  the  great 
.scale,  that  is,  when  the  length  to  which  the  bed  may  be  traced  is  very 
large  compared  with  the  undulation  of  the  surface.  AVlien  the  angle 
of  dip  is  low,  a comparatively  small  undulation  of  the  ground  will,  of 
course,  cause  the  outcrop  of  a bed  to  deviate  widely  from  the  line  of 
its  strike : and,  on  the  other  hand,  a slight  change  in  the  strike,  or  in 
the  amoimt  of  the  dip  of  a bed,  will  produce  a much  greater  effect  than 
when  the  inclination  of  the  dip  is  a high  one. 

The  observer  must  endeavour  to  keep  in  his  mind  the  ascertained 
thickness  of  the  group  of  rocks  he  is  tracing,  and  all  their  possible 
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changes  in  dip  and  strike,  and  the  consequent  relations  of  these  to  the 
different  features  of  the  surface,  so  as  to  guard  himself  against  being 
deceived  or  led  astray. 

He  must  also  not  spare  his  own  labour,  but  search  diligently  every 
square  yard  of  groimd  on  which  there  is  any  possibility  of  rock  being 
exposed,  so  tliat  he  may  be  sure  of  being  acquainted  \»*ith  every  ob- 
servable fact  before  he  draws  liis  conclusions.  If  time  or  the  means 
at  his  disposal  do  not  allow  of  his  survey  being  thus  exhaustive,  he 
must  always  enterUiin  a certain  amount  of  diffidence  in  the  conclusions 
he  arrives  at,  and  hold  them  oj>en  to  future  correction. 

If  he  find  in  tracing  stratified  rock  that  the  appearances  are  such  as 
to  render  probable  the  existence  of  a fault  or  dislocation,  he  must  be 
particulai’ly  on  his  guanl  against  allowing  his  mind  to  jump  to  the  con- 
clusion that  it  exists,  before  he  htis  put  that  existence  beyond  doubt 

Faults  or  dislocations  are  doubtless  much  more  nimierous  than  we 
are  aware  of,  but  for  that  verj*  reason  great  care  should  be  taken  not  to 
introduce  them  on  geological  maps  except  in  the  precise  situations  and 
with  the  precise  directions  which  they  really  hold.  I sjHiixk  in  this 
matter  from  personal  exj^eiience,  and  with  an  anijile  measiu^  of  remorse 
for  my  own  sins  in  this  matter.  It  is  the  eiTor  into  wliich  many  geolo- 
gists  most  easily  hill,  and  which  they  ought  to  be  most  warned  against 
for  the  future.  Most  especially  should  the  greatest  caution  be  exercised 
before  the  first  dislocation  is  laid  down  in  a district.  If  one  line  of 
fault  be  proved  beyond  all  question  to  exist,  others  must  almost  neces- 
sarily be  ])resent,  either  parallel  to  it,  or  more  or  less  nearly  at  right 
angles  to  it.  Before  one  fault  then  be  laid  dowm,  the  observ'er  should 
require  an  amount  of  evidence  which  can  allow  of  no  other  possible 
solution  than  the  fact  of  a dislocation,  but  having  proved  that,  and 
having  accurately  determined  its  direction,  a much  less  amount  of 
evidence  may  be  reasonably  admitted  for  the  existence  of  the  corres- 
ponding dislocations.  Even  when,  in  making  obseiwations  in  mining 
districts,  he  is  assured  of  the  existence  of  a fault  bv  the  miners  them- 
selves,  the  obseiwer  must  be  on  his  guard,  and  carefully  ascertain 
that  by  a fault”  the  miners  mean  really  a “ dislocation,”  and  tliat 
their  statements  as  to  its  “ throw”  or  its  “ width”  are  such  as  he 
clearly  undei*8tands,  and  are  correctly  stated  by  the  men  themselves. 

Keej)ing  these  precautions  in  his  mind,  the  observer  may,  from 
detached  observations,  lay  down  on  his  map  the  boundary  line  between 
two  different  sets  of  beds  with  more  or  less  accuracy,  according  to  the 
number  of  his  “ data,”  or  in  other  words,  the  number  of  places  in 
which  the  rocks  are  clearly  exposed. 

By  drawing  the  upjxir  and  lower  boimdary  of  a set  of  bods,  and 
obsendng  their  average  inclination,  it  is  obvious  that  lie  can  calculate 
their  thickness  ; and  by  doing  this  for  the  outorop  of  several  sets  of 
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beds,  he  can  determine  approximately  the  depth  at  wliich  the  lower  set 
will  be  found  under  any  given  spot  of  the  ui)per.  For  this  purpose  he 
must  assume  the  surface  of  the  ground  to  be  a plane,  and  then  if  neces- 
sary measure  its  undulations,  and  allow  for  any  departure  from  the  true 
plane.  The  thickness  of  the  beds  whose  outcrop  has  been  traced,  or 
the  depth  attained  in  a given  horizontal  distance  by  any  one  of  them, 
may  be  learnt  either  by  protraction  and  measui*ement  or  by  calculatioiL 
The  following  table  will  save  trouble  in  most  instances  ; the  tliick- 
nesa  measured  at  right  angles  to  the  dip,  and  the  depth  measured  at 
right  angles  to  the  horizon,  being  given  for  every  degree  up  to  20°  and 
for  every  6°  after  that,  that  will  be  attained  for  every  distance  of  100 
(feet,  yards,  etc.),  measured  horizontally  directly  across  the  strike  of  the 
beds  : — 


Table  IL 

Depth  and  Thickness  Table. 
Horizontal  distance  = 1 00.* 


Angle  of  Dip. 

Depth. 

Thickness. 

Angle  of  Dip. 

Depth. 

Thickness. 

1-7 

1*7 

18° 

31*8 

30*9 

2° 

3-5 

3*5 

19° 

34*5 

32*6 

3* 

6-3 

6*3 

20° 

36-6 

34-2 

4" 

70 

7*0 

■■ 

6“ 

8-8 

8*7 

25° 

46-9 

42*3 

6" 

10-6 

10*5 

Ov 

35° 

UO  V 

70*5 

0\)  yj 

57*4 

70 

12-3 

12-2 

40° 

84*2 

65*6 

8" 

14*1 

13*9 

45° 

1000 

70*7 

no 

10° 

lU  U 

17*7 

J 0 V 

17*4 

50° 

1190 

76*6 

14^-0 

-0 

11° 

19*5 

19*1 

OkJ 

60° 

174*0 

Oi 

86*6 

12° 

21*4 

20*8 

65° 

214  0 

90*6 

13° 

23*2 

22*5 

70° 

275*0 

94*0 

14° 

94*2 

16° 

26-9 

25*9 

75° 

368*0 

97*0 

80° 

675*0 

98*0 

16° 

28*7 

27*6 

85° 

1143*0 

99.0 

17° 

30*7 

29*2 

As  this  table  is  one  giving  the  solution  of  a right-angled  triangle 
for  each  angle  specified,  it  may  be  used  to  find  any  dimension  which 

• It  Is  sometimes  more  convenient  to  consider  the  horizontal  distance  1000,  when  the 
decimal  point  in  the  table  disappears,  and  the  numbers  given  become  17,  85,  53,  etc., 
instead  of  1-7,  3 5,  5-8,  etc. 
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can  be  stated  in  the  form  of  a right-angled  triangle,  as  for  calculating 
the  space  between  the  outcrop  of  two  lx*ds  of  which  the  angle  of  tiip 
is  known,  and  the  thickness  between  them ; the  distance  which  any 
bed,  of  which  the  depth  and  inclination  are  known,  will  require  before 
its  outcrop  at  the  surface  can  occur  ; and  so  on. 

By  meiuis  of  this  table,  also,  the  probable  “ throw”  of  faults  can  l*e 
ascertained,  where  the  broken  ends  of  a bed  on  opposite  sides  of  a fault 
can  be  found,  and  a certain  mean  angle  of  dip  assigned  to  the  whole 
mass.  If,  for  instance,  there  be  a set  of  beds,  including  one  particular 
bed  ABC,  which  are  traversed  by  a fault  F F either  at  right  angles 
to  their  strike,  or  obliquely  as  diawm  in  the  fig.,  and  the  mean  clip  of 
the  beds  be  30®,  and  the  outcrops  of  the  broken  bed  A B C be  found 

on  opposite  sides  of  the  fault  in 
such  a position  that  the  strike  of 
the  piece  B C which  is  “ up- 
thrown,”  (when  produced  if  the 
fault  be  oblique  so  as  to  be 
measured  at  right  angles  to  A B), 
be  foiuid  to  be  150  yards  (ot 
any  other  distance)  apart  from 
the  strike  of  the  “ downthrown  ” 
piece  ; then,  as  the  table  will  give 
us  the  depth  which  the  downcast 
l>iece  has  attained  at  tlie  distance 
of  150  yards,  and  the  depth  ac- 
coixlingly  xvliich  it  has  on  one  side  of  the  fault,  while  the  upthrown 
piece  cix)ps  out  exactly  on  the  other  side  of  the  fault,  that  dej»th  is 
of  course  the  “ throw”  of  the  fault.  If  it  be  100  yards,  then,  with  a 
dip  of  30®,  the  bible  shews  a depth  of  58  yards,  which  is  the  amount 
of  the  dowutlirow  ; if  150  yruds,  it  will  of  course  be  58  + ^ (or 
29)  = 87  ; if  200  yards,  it  will  be  116,  and  so  on  ; and  if  the  dip  had 
been  12®,  and  the  horizontal  distance  100  yards,  then  the  throw  would 
be  21*4  yards;  if  1000  yards,  the  throw  would  be  214  yards,  and  so 
on. 

* Tire  table  is  indeed  of  continual  use  to  the  practical  geologist,  in 
checking  his  ])rcconceptions  as  to  depth  and  tlrickness,  amoimt  of  dislo- 
cations, etc.  etc.  etc. 

Construction  of  Sections. — Tire  formation  of  a geological  map,  by 
joining  together  the  sepanite  apix^ainnces  of  the  outcinp  of  beds  at  the 
surface,  is  only  a part  of  the  w'ork  necessary  to  convey  a knowleilge  of 

• Messrs.  Trougliton  ami  Siimns  of  Fleet  Street,  London,  have  j)re}'are<l,  at  lu}* 
suggestion,  a little  ivory  protractor,  on  whieh  this  Talde  an<l  i>art  of  Table  I.  are  eugmve<l, 
together  with  the  scales  of  the  six-inch  and  one-inch  maps,  which  Uie  olwerver  will  find 
very  useful  to  have  in  his  note  book  or  map  cose.  Its  price  is  lOs. 


Fig.  124. 

To  illustrate  calculation  of  throw  of  fault 
by  table. 
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the  geological  structure  of  a coimtry.  Tliis  map  may  often  he  taken  as 
a horizontal  section  of  the  district,  fonned  by  cutting  it  i)y  a horizontal 
plane  at  a certain  level,  and  removing  all  the  matters  above  that  plane. 
In  order  fully  to  understand,  however,  the  “ lie  and  j)osition  ” of  the 
rocks,  it  is  necessary  to  liave  a vertical  longitudinal  section  which  shall 
shew  the  direction  and  amount  of  their  inclination  beneath  the  horizon- 
tal plane,  and  the  depth  attained  by  any  i)articular  bed  under  any  spot 
at  a given  distance  from  its  outcrop.  For  this  purpose  a horizontal  datum 
line  is  assumed,  which  is  generally  the  level  of  the  sea,  and  a line  of 
country  selected  for  the  section  which  is  generally  taken  at  right  angles 
to  the  strike  of  the  beds.  Tlie  undulations  of  the  ground  along  the 
selected  line  are  then  marked  in,  so  as  to  give  the  proper  heights  for 
the  different  points  above  the  assumed  datum  line.  If  the  scale  for 
horizontal  and  vertical  distances  b(i  the  same,  the  result  will  of  couree 
give  us  a true  profile  or  outline  of  the  features  of  the  ground.  This, 
however,  often  requires  the  section  to  be  drawn,  either  to  such  a 
great  length  as  to  be  unmanageable,  or  on  such  a small  scale  that  the 
vertical  dishinces  are  too  minute  for  rlistinctness.  It  is  in  such  cases 
ad\’isable  to  sacrifice  the  correct  outline  and  enhirge  the  heights  to 
several  times  their  due  proportion,  which  of  course  involves  a corres- 
ponding distortion  in  the  angle  of  inclination  of  the  beds  and  their 
apparent  thickness,  and  so  on.  If,  however,  the  two  scales  be  given,  it 
is  easy,  of  course,  to  correct  the  apparent  distortion  by  calculation  and 
measurement,  and  learn  the  true  facts  from  the  section.  Having  got 
the  outline  of  the  ground,  we  must  then  insert  in  their  proper  places 
the  outcrop  of  the  different  beds  and  formations,  or  masses  of  igneous 
rock,  faults  or  veins,  etc.,  as  noted  on  the  map  or  in  the  obseivations  in 
the  note  book,  and  dmw  them  at  their  i»roper  angle  if  the  section  be  on 
the  natural  saile,  or  at  a calculated  angle  if  it  be  distorted.  This  cidcu- 
lation  can  easily  be  made  from  Table  II.  by  ascertaining  what  depth  any 
bed,  etc.,  would  reach  in  any  given  horizontal  disUince  at  the  real  angle, 
and  drawing  them  so  as  to  be  at  that  depth  at  that  horizontal  distance 
in  the  distorted  section. 

When  a section  is  drawn  across  a greatly  disturbed  district, 
parts  of  it  will  almost  of  necessity  be  diami,  not  directly  across  the 
strike  of  the  beds,  or  svith  tlieir  dip,  but  more  or  less  oblupiely  to 
it.  Sometimes  the  section  might  imavoidably  run  along  the  strike  of 
the  beds  for  some  distance,  if  so,  the  beds  will  of  coui*se  aj)pear  to  be 
horizontal  in  that  ]>art  of  the  section,  since  they  will  dip  either  directly 
from  or  directly  towards  the  s2>ectator,  and  will  therefore  incline 
neither  to  his  right  nor  to  his  left  hand.  When  the  section  runs 
directly  across  the  strike,  it  will  of  course  represent  the  true  dip  of 
tlie  beds.  If  it  go  oblicpiely  across  the  strike,  then  it  will  represent 
the  dip  at  some  intermediate  angle  between  the  horizontal  line  and  the 
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true  dip.  As  the  calculation  of  the  proper  correction  to  be  made  for 
this  obliquity  in  the  line  of  section  is  rather  troublesome,  and  as  in 
some  instances  it  is  advisable  that  it  should  be  given  correctly,  not 
only  for  the  purpose  of  determining  the  depth  of  beds,  but  also  for 
drawing  the  true  angle  of  lines  of  faults,  joints,  veins,  dykes,  and 
cleavage  planes,  the  follo\ving  table  is  added.  This  is  taken  from  one 
which  1 constructed  for  my  owm  use  when  running  sections  in  Xorth 
Wales,  but  the  nearest  whole  numbers  are  only  stated  in  it,  and  the 
lower  degrees  of  dip  and  obliquity  omitted,  as  neither  they  nor  the 
minutes  of  degrees  are  practically  usefuL 

Table  IIL 

Oblique  Section  Table, 


Angle  between! 
the  diroetion  | 
of  the  di)>  and 
that  of  the 
section. 

Angle  of  the  Dip. 

Degs. 

Deg«. 

1 

Degs-I 

Degs. 

Degs. 

Degs. 

Degs. 

Degs. 

Degs. 

1 

Degs. 

Dega. 

40 

45 

50  1 

55 

60 

65 

70 

75 

80  !|  85 

1. 

89 

40  1 

32 

37 

42  I 

47 

53 

58 

64 

70 

77 

83 

88 

45 

i 

30 

35 

40 

45 

51 

56 

62 

69 

76 

83 

88 

60 

28 

32 

37 

42 

48 

54 

60 

67 

74- 

i 82 

88 

55  > 

25 

29 

34 

39 

45 

51 

! 

65 

73 

81 

88 

o 

CD 

22 

26 

31 

35 

41 

47 

i 54 

i 

62 

70  i 

80 

88 

65  ! 

19 

23 

27 

.31 

36 

42 

j 49 

57 

67  1 

78 

87 

jo 

1 

i i 

16 

19 

22 

26 

30 

36 

, 43 

52 

63  1 

75 

8-7 

75  1 

12 

14 

17 

20 

24 

29 

j 35 

44 

56 

71 

86 

80  1 

8 

10 

12 

i i-t 

17 

20 

1 25 

33 

44 

63 

84 

85 

4 

5 

6 

4 

8 

10 

13 

18 

26 

45 

79 

89 

1 

1 

1 

1 

2 

2 

3 

4 

5 

11 

45 

A'ote.— This  table,  in  n ftiller  form,  is  given  in  the  Appendix  to  Urn  Geology  of  the  South 
* Staffordshire  Coal-Held. — (diems.  Geol.  Survey.) 


The  angles  stated  in  the  first  column  are  those  between  the  direc- 
tion of  the  line  of  section  and  tliat  of  the  dip  of  the  bed,  fault,  vein, 
cleavage  jdane,  or  other  inclined  line  tliat  is  to  be  inserted  in  tlie 
section.  This  insertion  can  be  correctly  matle  (in  a section  on  the 
natural  scale),  by  seeking  in  the  table  the  lumiber  which  will  Ixi  found 
at  the  intersection  of  the  requisite  horiioutal  and  vertical  columns. 
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If,  for  instance,  a section  be  drawn  along  a line  which  crosses  the 
line  of  dip  at  55°,  and  the  beds  at  one  j)art  dip  at  65°,  they  would  be 
represented  as  they  would  be  seen  in  a natural  vertical  cliif  if  one  ran 
along  that  line  of  section,  by  draw^ing  them  at  an  angle  of  51°.  If  they 
changed  their  strike  a little  farther  on,  so  that  the  straight  line  of  sec- 
tion crossed  their  new  dip  at  an  angle  of  75°,  their  apparent  dip  should 
be  reduced  to  29°,  giving  them  the  requisite  cur\’’e  between  the  tw’o 
dips  at  the  part  w'here  the  l>eds  curv'ed  their  strike. 

The  angle  betw'een  the  direction  of  the  dip  and  that  of  the  section” 
is  always  to  be  calculated  on  that  side  of  the  section  w'here  the  angle 
betw’cen  them  is  less  than  90°,  and  the  direction  of  the  dip  in  the  sec- 
tion is  to  be  diawTi  accordingly.  If,  therefore,  the  angle  betw^ecn  them 
be  large,  and  the  direction  of  the  section  be  slightly  changed  at  one 
point,  so  as  to  shift  the  side  on  wdiich  the  lesser  angle  lies,  the  ap{)arent 
dip  in  the  section  will  have  its  direction  changed,  although  no  change 
has  taken  place  in  reality.  Su])pose,  for  instance,  the  cleavage  planes 
in  a certain  tract  of  country  dip  due  N.  at  80°,  and  a section  be  taken 
across  that  ground  in  a direction  from  W.  5°  S.  to  E.  5°  N.  up  to  a 
certain  point,  the  spectator  being  supposed  to  l>e  looking  tow'aids  the 
north,  the  angle  between  that  section  and  the  dip  of  the  cleavage  planejj 
being  85°,  they  wiU  be  drawm  in  the  section  as  dipping  at  26°  to  the 
east  or  tow'ards  the  spectaU)r  s right  hand.  If,  however,  the  direction 
of  the  section  be  changed  at  that  point,  and  it  be  continued  on  a line 
from  W.  5°  N.  to  E.  5°  S.,  the  direction  of  the  dip  of  the  cleavage  planes 
must  of  course  be  altered,  and  they  must  be  draw'n  as  if  dipping  at  26° 
to  the  west,  or  towards  the  spectator’s  left  hand.  It  is  obvious  that  this 
would  be  their  appearance  if  tw'o  real  cliffs  were  to  be  formed  running 
in  the  tUrections  above  named,  and  meeting  in  a corner  at  an  angle 
of  170°.  The  cleavage  planes  w'ould  go  straight  across  from  the  one' 
to  the  other,  and  wrould  rise  from  the  base  towards  the  simimit  of  the 
cliff  on  either  hand  of  the  spectator,  or  dip  from  the  sunmiit,  tow'ards 
the  foot  of  the  cliff,  on  each  side  of  the  spectator  as  he  looked  north- 
wards tow'ards  the  junction  of  the  tw’o  cliffs. 

It  must  be  recollected,  that  if  the  section  be  not  drawn  on  a natural 
scale,  but  on  twn  scales  diffeiing  in  height  and  length,  the  dip  must 
first  be  drawn  wdth  the  requisite  amount  of  exaggeration,  as  before  de- 
scribed, and  then  that  must  be  measured  and  the  proper  correction  ap- 
plied to  it  if  the  line  of  section  be  obli(|ue  to  it.  This,  how’ever,  w'ill 
not  often  be  required  except  in  mining  sections. 

One  error  to  be  guarded  agiiinst  in  constructing  sections  is  the  very 
natural  one  of  supposing  that  all  the  intermediate  pieces  of  ground, 
between  the  parts  w'here  the  outcrops  of  the  beds  are  to  be  seen,  arc 
occupied  by  beds  dipping  at  the  same  angle,  or  even  in  the  same 
direction,  as  they  do  in  those  parts.  It  may  liai^pen  that  the  outcrop 
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of  be<l3  is  visible  only  in  those  places  •where  they  are  more  highly  ia- 
clined  than  usual.  It  may  even  be  the  case  that  only  those  parts  which 
(lij)  in  one  direction  are  visible,  while  the  intervenuig  concealed  parta 
dip  in  another  direction.  Verj’’  serious  errors  have  in  this  way  civjrt 
into  many  sections  publishe<l  by  even  high  authority.  It  is,  howe\Tr, 
one  that  should  be  strenuously  guanled  against,  for  which  purjKise 
the  sections  lately  published  by  the  Geological  Survey  in  Ireland  have 
only  those  beds  engraved  on  them  which  are  ceilainly  known  to  exist, 
the  intcnnediate  spaces  being  left  blank,  and  as  far  as  possible  omitted 
in  the  calculations  for  thickness. 

The  student  may  be  often  at  a loss  to  find  tlie  real  heights  of  the 
places  his  section  passes  over,  as  levelling  is  a troublesome  and  some- 
times cxj)en.sive  operation.  Tlie  Aneroid  Barometer  will  often  assist 
him  in  determining  the  highest  and  lowest  points  of  his  section  with 
comjiarative  facility.  If,  however,  this  be  unattainable,  he  will  almost 
always  be  able  to  leani  the  height  of  some  of  the  canaLs,  railways,  or 
roads,  or  the  height  of  some  river  or  other  object  in  bis  neighbourhood, 
from  which  the  altitude  of  other  points  may  he  estimatetl  ■with  sufficient 
accuracy  for  his  purpose.  If  he  once  get  the  height  of  any  point  in  the 
main  river  of  a district,  he  will  know  that  no  piece  of  ground  from 
which  the  water  flows  towards  that  point  can  be  at  a lower  level  than 
it,  and  will  thus  get  a limit  in  that  direction  for  the  dei)th  of  his  undn- 
liltions,  while  the  altitude  of  the  highest  hill  in  his  district  will  give 
him  a limit  in  the  other  direction,  juid  by  constantly  referring  to  these 
two  he  will  geiienilly  he  able  to  construct  a geological  section  with  suf- 
ficient ap])n>ximate  accuracy  for  ordinary  purjK)ses.  An  error  of  twenty 
or  thirty  feet  wdll  be  of  no  real  importance  to  him,  when  he  recollects 
that  in  his  section  it  is  iirobably  included  in  the  bretulth  of  a pencil 
line. 

* Sections  for  practical  operations,  such  as  mining  or  engineering,  or 
in  those  cases  where  important  conclusions  are  to  be  drawn  from  the 
relative  heights  of  ])articular  points,  are  of  course  to  be  treated  on  quite 
difl'erent  principles  from  those  geological  sections  which  jire  often  only 
diagi*}immatic  representations  of  the  genenil  fiicts  as  to  the  8uperj)opition 
of  gi’OUi)s  of  beds,  useful  to  {ascertain  only  their  average  thickness  or  to 
point  out  their  mode  of  occurrence  beneath  the  surface. 
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Note.— In  the  following  Index,  nn  attempt  is  made  to  unite  to  some  extent  an  index,  a 
dictionary,  and  a “gradus.”  The  Greek  words  have  the  explanation  only  added  in  italics  ; 
those  derived  fn>in  other  languages  have  their  source  i>ointed  out  Among  the  pala^ntolo- 
gical  tenns,  it  is  not  always  easy  to  find  out  what  the  idea  was  in  the  mind  of  the  describer, 
and  what  Greek  words  the  name  is  derived  from.  Some  wonls  have  quite  bafUed  any 
research  I was  able  to  make,  and  others  remain  doubtful.  Another  source  of  difllculty  in 
di.scovering  these  derivations  is  the  ditTerence  of  the  letters  adopted  in  writing  the  Greek 
and  Latin  alpimbets.  The  Latin  “ c”  seems  to  have  been  always  used  as  the  equivalent  of 
the  Greek  “ k.”  It  appears  that  the  Romans  pronounced  Cicero  and  Ciesar  ns  Kikero  and 
Kipsar.  The  Greek  “u"  is  in  like  manner  alwaj's  written  “y”  in  the  Roman  alphabet. 
Perhaps  we  find  a clue  to  this  custom  in  the  Welsh  language  at  the  present  day,  whore  the 
wonls  “ cy,”  a tlog,  and  “ du,”  Mack,  are  pronounced  as  if  spelt  “ kee,”  and  “ dee  and  the 
word  “dyfTr>m,'’a  valley,  is  pronounced  as  if  spelt  “duflVin."  The  Romans  having  con- 
fouiuled  the  Greek  long  and  short  o and  the  long  and  short  e,  each  under  one  letter,  is 
another  cause  of  difilculty  in  detecting  the  Greek  words  in  a Latin  dre.ss,  more  e.specially 
where  the  composition  of  two  or  more  words  i.s  irregularly  matle.  In  some  wonts  also  the 
Greek  aspirate  has  been  omitted,  apparently  from  lna<lvertencc,  ns  it  is  only  marked  by  an 
Invertetl  comma,  and  not  by  a separate  letter.  It  i.s  pretty  certain  that  not  only  wim  the  r 
always  pronounced  as  k,  but  that  the  Greeks,  and  probably  the  Romans,  never  u.sed  the  soft 
sound  of  “ ch  ’’  or  of  “ g,"  and  that  in  Greek  words  these  letters  should  always  be  hard. 
Nobo<ly,  however,  would  now  like  to  be  guilty  of  the  pedantry  of  pronouncing  geograj>hy 
with  a hard  initial  g.  Custom  in  this,  as  in  other  cases,  gives  lu)  the  decision  and  law  for 
8]>eaking. 

I have  been  in  some  doubt  ns  to  the  proper  quantity  of  the  “ i"  in  the  termination  “ites," 
as  if  it  be  derived  from  “lithos,”  ns  is  commonly  .said,  it  would  seem  necessarily  short ; it 
upi>ear8,  however,  that  in  the  Greek  word  “ purites  " or  “ pyrites,"  the  f was  long,  and  that 
may  be  taken  as  a guide  for  other  words.  Where  the  wonl  lithos  is  preser\'ed  entire,  as  in 
grajdolithus,  it  should  obviously  retain  the  quantity  of  the  original. 

1 Ixdieve,  on  the  other  hand,  that  the  termination  “ ide  " or  “ ides,”  signlfjnng  a group 
or  family,  should  have  the  “i"  short.  J.  B.  J. 


Aachkxien,  systi?mc,  623 
Ablxi%ille  on  R.  Somme,  700 
Aberj’stwylh  rocks,  452 
Ablch  on  clinkstone,  03 

on  pumice,  64 

on  trachydolcrite,  67 

on  tmchytic  tuff,  68 

on  proportion  of  silica, 

92 

Abietites  (abies  fossil),  030 

Ben.stedl,  607 

AVtranchiata  (rcUhovt  gills), 
376 

Absence  of  London  Clay  in 
France,  183 

Absence  of  Carboniferous 
slate,  north  of  Cork,  184 
Acadian  Geology  of  Dawson, 
532 


AcanthocephAla  (thom-kcad- 
ed\  880 

Acanthocrenla  (spine  cocnia), 
630 

AcanthMes  (thorny),  540 

AcanthOdldte  (spiny  Jbh  tribe), 
496 

Acanthometra  (thorny  mcu~ 
s^trr),  382 

Acantnospongia  (thorny 
sponge),  401,  464 

Acanthoteuthis  (spiny  squid), 
595 

Acclpenser(n  *t««;con,lnt.)653 

Acen'ularia  (little  heaps,  lat.), 
487 

anfinas,  fig.,  473 

AcSrrttherium  (hornless  beast), 
663 

2 I 


Ace.stros  (spurless),  653 
Achatina  (iigate-like),  6'i3 

coslellata,  fig.,  649 

Achilleuin  (belonging  to 
Achilles,  lat.),  680 
Acid,  meaning  of  In  Chemis- 
try, 16 

Acid  igneous  rocks,  57 
Acidospis  (peak  shield),  4.55, 
403,  465,  490 

BamuifUl,  47.5 

calllpnrcos,  471 

coronata,  479 

Jnmeaii,  451 

Acotylftdfmcs  (without  cotyle- 
dons), 383 

Acrocdlia  (point  bag),  487 

euomphnloldes,  477 

haliotis,  473 
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AcrMus  (peak  tooth),  632 

acutu8,  556 

Braunii,  M9 

Oaillardoti,  551 

minimus, 

nobilis,  568 

Acr^gens  (summit  growers), 
S8,i 

AcrognJthua  (peak  jaw), 

631 

AcrolSpifl  (point  scale),  541 

Sedgwickii,  542 

Acrosaleuia  (hump  salcnia), 
595 

decorata,  flg.,  5S0 

hcmicidaroidcs,  fig., 

674 

Acrostichites  (peak  stwchas), 

594 

Acrotemnus  (top  cut),  631 
Actieon  (mythical  name),  595 
■ affiiiis,  613 
ActiTK>niiia  (dim.  oj  Actceon), 

595 

Actin&cis  (ray  point),  630 
Actinia  (rayed  things),  489 
Actinoccras  (ray  5ur»),  540 

gigantcum,  5i^ 

Actinocrinus  (ray  lily),  4S8, 
509,  540 

pulcber,  474 

triacontadactjlus,  530 

Actin61itc  (ray  stone),  38 

schist,  169 

Actiiioplirys  (rayed  eyebrow), 
S82 

Actinoi>5ra  (ray  pore),  631 
Actinozoa  (rayed  animals), 
881.  489 

Adft]>is  (not  having  a relvet 
coat),  654,  656 

Adelastnca  (obscure  star),  594, 

632 

Adelocrinus  (uncertain  lily), 

586 

Ad  eorbis  (approachi  ng  a circle, 
lat),  653 

Adiantites  (that  cannot  be 
wetted),  498, 535 

Hibemicus,  Og., 499 

Adit  (mining  tenn),  370 
Admiralty  Manual  of  Bcienti- 
fle  Inquiry,  108 
Admiralty  Coal  Investiga- 
tions (Mem.  GeoL  Survey, 
vol.  1),  152 

Adiilaria  (from  Adula,  a peak 
of  St.  Gotthurd),  44 
.£chmudus  (lance  tooth),  595, 
632 

Leacbil,  568 

.figliiia  (Aigli,  a sea  nymph), 
4.55. 460.  463, 465 

binodosa,  447. 

mliabills,  451. 

iEpyoruis  (fall  bird),  394, 
698 

Aerial  rocks,  ^ 54,  154 
ACshna  (?)  pcnuupla, 

587 

.^thalium  (burning),  882 


.fthophyllnm  (burnt  leaf), 
549,  559 

.£tna,  lava  of,  resemblance 
of  Limerick  traps  to,  325 

form  of,  333 

.£tobatis  (aetobatis,  eagle  ray- 
fish).  Obi 

Affinity,  elective,  12 
After  damp,  370 
Agate  (from  riv.  Achates),  32 
Agassiz's  onlers  of  6sh,  378 
Agassiz  on  glaciers,  104 
Age  of  Leinster  granite,  311 
Agelacrinites,  380,  465 
Agelacrinus  (gregarious  lily) 
Buchianus,  450.  463 
Agger  or  Lenne  group,  502 
Agnostustunlnoim),  455, 460, 
463 

pisiformis,  6g.,  444. 

trlmVlus,  flg.,  451 

Agulhas  current,  transport  of 
matter  by,  114 

Alierlow,  vale  of,  in  Tipper- 
ary, 2M 

Alabama,  Cretaceous  rocks 
of,  624 

Alabama  beds,  652 
Alabaster(from  Alabastron  in 
i^gypt),  3^  146 

Alaria  (wing-shell,  lat.X  598 

atractoides,  572 

comiiosita,  flg.,  577 

triflda,  588 

Albatross,  restriction  of 
395 

Albertin  elliptica,  549,  559 
Albite  (tvhiie  stone,  lat),  44 
Albion,  etuge,  623 
Alcyonaria  (alcyonium-kind), 
881.  489 

Alecto  (name  of  a Fury),  594, 
632 

Aletbopt^ris  (true  fern)  lon- 
cbitica,  flg. , 525. 535,  632 
Allenheads  mining  district, 
362 

Alligator  H.intouicnsis,  647, 
653 

Allotropism  (otherwise-turn- 
ing), 24,  27 

Allopliane  (other  appearance 
before  hlowjnpc),  lis 
Almaudine,  orieutol  garnet, 
41 

Alnites  (alder  tree  fossil,  lat.) 

Macqunrrii,  flg.,  659 
Alps  and  Jura,  {sirallelisni  of, 
351 

Alps,  granitoid  rocks  in,  91 
Alps,  western,  composed  of 
altered  oolites,  592 

drift  of,  689 

Eocene  l>eds  of,  652 

Alteration  of  coal  or  lime- 
stone by  trap  8ometime.s 
very  slight,  330 
.Alteration  jictrifactiou,  374 
Altered  limestone,  166 
Alternation  of  beds,  196 
Alum  Bay,  section  at,  639 


Alums,  isomorphous  varieties 
of,  25 

Alumina  (alQinen,  lat  for 
alum),  soluble  in  water,  27 

silicates  of,  39 

AlveoUna  (alceolus-kiad,\a.t.X 

653 

Alveolites  (little  hollow  stone), 
487,  540 

Labechei,  472 

rei>ens,  472 

Amalthei  (with  horns  like  Ou 
goat  which  uku  Jupiter's 
nurse),  628 

Amazon  and  Orinoco  Rivers, 
extent  of  out  to  sea,  IQS 
Amazon  stone,  44 
Aml»ony(!hia  (ambon  a Iobs\ 
462,  465,490 

Ambl5’pWru8  (Hunt  fin),  bS6 
AmblyOrus  (blunt  tail),  595 
America,  Cambrian  rocks  ol^ 
438 

materials  derived  fr«n 

west  coa.st  of,  206 

Mcioeene  l*eds  of,  668 

Oolitic  rocks  of,  593 

Pleistocene  fossils  of, 

696 

American  flora  resembles  ex- 
tinct Tertiary  European 
flora,  398 

Ametliy.st  (preventing  drun- 
kenness), 32 
.Amianthus,  38 
Amicn.s  on  R Somme,  700 
.Ammonites  (a  stone  like  the 
ram's  horn,  Kvra  by  Jupiter 
Ammon),  380.  552,  559,  695, 
596.  632 

auritus,  fig.,  612 

bifrons,  567 

biplex,  fig.,  583 

BroceWi,  570 

Brrxliai,  570 

Brongniartii,  570 

Callovicnis,  57S 

cotnmnnis,  flg.,  567 

complanatus,  iB7 

cordatus,  578 

dentatns,  6U 

discus,  fig.,  574 

cxcavatuR,  fig.,  57T 

giganteus,  583 

gnu'iUs,  53 

licterophyllus,  567 

Unmphresianus,  569 

Interruptus,  611 

Jason,  fig.,  577 

Lambi'rti,  578 

lautus,  611 

M‘Cliut*X'ki.594 

macn>ct>i)halus,  588 

Martini,  608 

imHiiolarls,  578 

Murchisonbe,  570 

obtusus,  567 

I’arkinsoni,  570 

perarmatus,  flg. , 68Q 

planico.statua,  5ffl 

ro5tratus,.618 
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Ammonites  Rotbamngcnsis, 
6H 

rotmulus,  581 

serpentinns,  561 

splendens,  fig.,  61Q 

sublaivis,  518 

triplicatus,  581 

varians,  fig.,  615 

vnrieosus,  611 

vert*!brali8,  579 

Ammonitidne,  family  of,  626 
Anueba  (mutation),  382 
Amount  of  matter  transport- 
ed by  rivers,  110 
Amphcri8tus{?  rtjccted,  or  con- 
tendtd  about  ? ),  653 
Amphibia  (in  eithtr  way  liv- 
ing), 378 

Amphilmle  (ambiguous),  31 
Amphibolite  of  Naumnnn,  75 
Ainphlcyon  (doubtful  dog),6tK> 
Amphidosma  (6oiA  ways  liga- 
ment), 631 

Amphlgens  (both  producers), 
13 

Amphil€8te8(<fou6(/ui  robber), 

505 

Am  phlon  (name  o/  asonqf  Ju- 
piter), 165 

Ainphipneusta  (both  ways 
breathing),  379 

Am]>hithcrium  (doubtful 
beast),  573.  595 

Amplexus  (an  embrace,  lat.), 
536 

eoralloides,  fig.,  526 

Amnyx  (a  wreath,  a wheel,  or 
the  lid  of  a goblet),  455, 163. 
465. 190 

nudus,  417 

par\Tilu8, 175 

Amygdaloid  (almond-like),  59 
Anabacia  (without  a table), 
630 

hemispherien,  flg. , 569 

Anabathra  (a  ladiier),  b35 
Analcime  (without  strength), 
IS 

Anami^.sitc  (holding  a middle 
place),  66 

Ananchytea  (unsqueezed  fos- 
sil), 6:11. 

8nbglolK>8U8,  flg.,  615 

ovatUK,  617 

Ann.a.scaul  valley,  155 
Anatiim  (duck-bill  like,  lat.), 
536 

undata,  588 

unduluta,  flg. , 577 

AnchilopuH  (?  audiilophus, 
near  ridge),  654 
Anchithcrium  (near  beast), 
654.  662 

Aurcliancnse,  666 

Anoillaria  (Jiike  a handmaid, 

. lat).  653.  663 

bnccinoidcs,  flg. , 646 

Aneycloti^ras  (elbow  horn), 
595.  628.  632 

gigaa,  flg.,  608 

Ancjlus  (tt  flat  goblet),  653 


Andaluaitc  (from  Andalusia), 
39 

converted  into  mica 

and  steatite,  160 

in  County  Dublin,  301 

Andes,  volcanic  mountains 
of,  333 

disturbances  of,  not 

related  to  vulcanic  foci, 
316 

Andesite,  63 

Angcastnea  (ura  star),  591 
Angelin,  M.,  on  Bcandiiiavia, 
4S4 

Angelina  (from  M.  Angelin), 
460, 165 

AngeUn'H  regiones,  455 
Angleaea,  denudation  of, 

289 

Angulicostati  (angular  rib- 
bed, lat),  620 

Anhydrite  (without  water),  35 
Animal  kingdom,  376 
Animalcules,  .siliceous,  134 
Animats  of  Old  and  New 
Worlds,  difference  between, 
395 

Animals  mostly  aquatic,  400 
AnisoeSros  (unequal  horn), 
628 

Aimelllda (moll  ringed,  lat), 

379 

Annularia  (little  ring  kind, 
lat).,  535 

Annulatl  (ringed,  lat.),  379 
Annuloida  (like  a ringal  class, 
lat  and  gr.),  380 
Annulosa  (ringed,  lat.),  378 
Anodonta  (toothless),  536 

Jukesii,  flg. , 490 

Anodontopsis  (anodon-look- 
ing),  477,  487 
AnOgens  ( ? ),  383 

Anomoptcris  (abnormal  fern), 
559 

Anomophyllnm  (irregular 
leaf),  594 

Anoplotberinm  (properly  on- 
hoplotheriurn,  defenceless 
beast),  653,  650 

commune,  660 

Anortliite  (oblig^ie  stone),  42 

devehiped  in  granite 

veins  traversing  limestone, 
94 

Antholites  (flower  stone),  635 
Anthnphyllite  (coloured  like 
the  flower  A nthophyllum),  38 
Anthracite  (coal  stone),  lo3 

in  low'or  or  Cainbro- 

siluriim  rocks,  454 
Anthraco8ia  (6elojifriny  to  coal), 
536 

Anthracotherium  (coed  beast), 
6.56,  665 

Anthroplni  (humanX  376 
Anticlinal  cim’es,  2.89 
Anticosti,  Id.,  lower  and  up- 
per Silurians  of,  486 
Antiquity  of  existing  volca- 
noes, 708 


Antrim  County,  coal  covered 
unconformahly  by  new  red 
sandstone,  290 

basalt  of,  330 

new  red  sandstone  of, 

chalk  of,  621 

chalk,  pieces  of,  in  S. 

Ireland,  673 

Antwerp,  Crag  near,  671 
Apatonn,  531 

Aph&nite  (obscure,  not  bbvi- 
ousX  77 

Aphelotherium  (simple  bcastX 
654 

Aphlebia  (reinless),  535 
Aphrodita  (name  for  VenusX 
465 

Apiocrfnus  ( pear  lily),  595 

Parkmaoni,  fig  , 374 

Aplocystitcs  (pear  bladder), 
380.  488 

Aplite  (simple  stone),  90 
Aporrhais  (destroyers,  Aris- 
totle), 631 

Sowerbyi,  flg.,  041 

Appearance  of  granite  at  sur- 
face, 317 

Apitroxiniution  to  living 
fonns,  law  of,  411 
ApHondinn(witho^d  falsehood), 
694 

Apt^ra  (unwingedX  379 
A]itien,  etage.  623 
Aqiieotis  rocKS,  52,  54,  98. 
124 

Arachnlda  (spider  class),  '379 
Aran  Mowddwy,  448 
AraucariU?s  (fossil  arauoa- 
rian),  594 

Arbroath  flagstones,  496 
Area  (a  chest,  lat),  carinata, 
612 

Branderi.  645 

aimula,  588 

Hirsonensis,  572 

Archui<MMrabu8  (antique  crab 
or  lobster),  653 

Archfleocidiris  (old  turban), 
509,  530.  547 

Urii,  530 

Arclueoniscus  (old  woodlouse), 
593 

Edwardsii,  flg.,  587 

Arcliegosaurus  (precursor 
lizard),  378 

Arctic  shells  in  drift,  673 

regions  had  formerly 

dilfcrent  climate  from  pre- 
sent, 420 

regions,  oolitic  rocks 

of,  593 

Arctopitheclni  (hear  motd'eys), 
376 

Anitrea,  niogne.sian  limestone 
of,  546 

Are.naceons  limestone,  113 
Arendal,  black  garnet  of, 
41 

ArenicOla  (sand  dweller,  lat), 
465 
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Aronicolitcs  (sand  dmller, 
Ut.)  didyma,  lig.,  437 
Arciiig  mountains,  443 
Argillaffons  lingstone,  133 

limostoue,  144 

Argiope  (name  of  a nymph), 
tm 

Argo  vie,  coaches  d’,  MO 
Aryglc,  I)iike  of,  on  fossil 
leaves,  ShS 

AriCtes  (rams,  lat.),  C28. 
Arionellus,  435 
Arjuno,  volcano  in  Java,  333 
Arklow  Ileud,  igneous  rocks 
, of,  S3 

AnnSti  (armed,  lat.),  628 
Arra  Mountains,  Caiubro- 
silurinns  of,  435 
ArragtMite  (from  Arragon  in 
Sjniin),  26 

Arrigle  brinik,  valley  of,  207 
Art  of  mining,  361 
Art  of  quarrying,  213 
Art»'-mis  (a  luime  of  Diana), 
663 

Icntifomils,  669 

Artesian  well  at  Calcutta,  113 
Arte.sian  wells,  temjieratore 
of  water  from,  225 

formation  of,  244 

Arthrast(T(joial  siar),  631 
Artlm)j»3da  (joint-footed),  378 
Arthropteius  (jojrtt  393 
Arthur’s  Kent,  basalt  of,  331 
Articulata  (jointed,  latX  378 
Artiodactifla  (even  number  of 
Uks),  377 

AsAphus  (obsaire),  453,  460, 
463 

1 at  i costatus,  447 

Powisil,  451 

tyrannns,  fig.  447 

A.slxwtos  (unejrtinyuishahJe  or 
indestructible),  ^ 38 
As<’idioidin(l>n;7-iil‘«Wn/i),  381 
Ascoceras  (bottle-horn),  4S7 

liarrandii,  478 

A.sh,  volcanic,  67 

feldspathie,  80 

of  greenstone,  81 

absence  of,froiu  granite 

rock.s,  91 

trappean,  occurs  only 

with  contemporaneous  trap, 
323 

of  Limerick  trap  tlis- 

trict,  325 

and  tmi>  in  Dcrbysliirc, 

523 

beds  and  leaf  beds  In 

Mull,  658 

near  Giant’s  Causeway, 

660 

Ashburton  group,  500 
Ashburuliain  l)cds,  604 
Ashdown  sand,  605 
Asia,  inatcrials  derived  ftom 
ea.st  coast  of,  206 
Aspidaria  (sh  icldlike),  535 
Aspidisuus  (shield  disc.), 

630 


Aspidorhynchtts  (buckler 
snout,),  595 

euodus,  578 

Fisheri,  fig.,  587 

Assemblages  of  fossils,  series 
of,  explainetl,  405 
Association  of  beds,  196 
of  felstone  and  green- 
stone, 328 

of  mincrtxls  in  veins, 

364 

of  trachytes  and  dole- 

rites,  340 

AstAcus  (o  crab),  595 
Astarte  (the  Syrian  Venus), 
594 

bipartita,  603 

borealis,  686 

cunenta,  588 

elegans,  579 

elliptieL  687 

Hartweliieusis,  fig., 

;587 

lurida,  677 

obliqnata,  589 

Oinollii,  fig.,  668 

ovnta,  589 

uudulato,  663 

Asterldie  («/or  kind),  380 
Astemcanthus  (star  spine), 
595,  032 

ucutus,  515 

omatissimus,  582 

sciuisnlcatus,  513 

Asterol?pis  (star  oeide),  496, 
498,  504,  540 

Asterophy lutes  (star  leaf), 
535 

emilsetifonnis,  525 

foliosa,  525 

Asten>ptycliius  (siar  wrin- 
kled), 530 

Asti,  ploioccne  beds  of,  671 
Astomftta  (numihlcss),  382 
Astrocoenia  (star  cwnia),  594, 
653 

Astrocrinus  (star  lily),  530 
Astroguniumtstar  oor/icr),  631 
Astronomer  Koyal  on  t>scUla- 
tion  of  {lenduJiuu,  225 
Astropecten  (star  comb,  lat.), 
591 

crispatus,  642 

Atngma  (unbroken  651 
“Ate,”  meaning  of  words  ter- 
minating in,  17 
Atherfleld,  lower  Greensand 
of,  697 

Athyris  (doorless),  487,  540 

Royssii,  507.  526 

squamuHa^  507 

Atlantic,  deposition  on  bed  of, 

205 

Atlantic  Ocean,  bottom  of, 

128 

Atocrinus  ( X 1*36 

Atolls  and  Dairlcr  reefs,  180 
AtrJjia  (without  a hole),  461, 
465 

crassa,  452 

desquamata,  501 


Atrypa  hemispherica,  4^  . 

4 

marginalis,  452 

reticularis,  fig.,  4T3, 

593 

Attle  (mining  term'),  370 
Auohcuilabrus(aed['  tJtoynrr), 
653 

Auclicnaspis  (neck  bueikr), 
488 

oniatus,  480 

Salteri,  ISO 

Angite  (shining),  37 
Augites  and  hombleihlf* 
summarised,  47 
AulacophyUum  (furrov  Uaf), 
487. 

Aul<>dus  (pif-e  toothX  ®1 
AulOlepis  (pipe-  scale),  Gl 
Aukqibylluni  (tube  leaf),  ^ 
Aulgassc,  dolerite  of,  66 
AuricOla  (a  little  ear.  Mi 
653 

Austen,  Mr.  Godwin,  on  OU 
Red  fish,  504 
AustraUa,  barrier  reef 
132 

gold  diggings  of,  SW 

ilistiibution  of  Ur* 

In.  394 

fauna  and  flora, 

that  of  Euroi>ean  (KiUk*, 


399,  600 

gneiss  of,  434 

lialtcosoic  fossils 


408 

533 


.4, 


carboniferous  rocks  >d. 


oolitic  rocks  of,  58S 

extinct  maniiwd* 

697 

Auvergne,  subaerial  decoas- 
tlon  of,  292  . 

AvAlun.  ^ninsulaof,  in  New- 
foundland, 457 
Avanturino  (from  its  rrseis- 
bling  an  artijieiol  tsostanet 
made  }xir  adventure),  44^ 
Avelinc,  Mr.  W.  T.,  on  +>am- 
brian  rocks,  435 
section  S.  of  Bala  Lake 

~ on  N.  Wales,  418 

and  Salterons^*-fail<^ 


Caradoc  sandstone,  467 
— — section  across  un- 


lock Eklge  by,  468 

sections  in  upper  Silo 


rian  by,  481 

sectlou  lu  Dcrhyshirc 


by,  519  , ^ . 

Aveliona  (a  filbert  nut, 
cassis,  617, 631 
Ave.s  (birds,  lat),  ST7 
A+icma  (/tt/Ze  hi^ 

487 


bullata,  469 
contorts,  558 

roue,  555, 556 

cygnl]*ea,  566 
Danbji,  fig.,  478 


I 
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Avicflln  Dnmnoniengtfl.flg.  ,-508 

(lecussatA,  iitJO 

echinata, 

Ina«iuival\i3,  Ii53 

speluDcaria,  Mi 

Aviculopocten  (avicula  comb, 
lat  ),  50^  536 

papyraceu.s,  514  ; flg., 

627 

variabllls,  5L4 

Axes  of  crj’stals,  21 

of  oun'cs,  inclined,  241 

of  curves,  interrupted 

and  undulating,  242 

synimelrical,  21 

Axiiius  faxTni,  an  ore),  536 

ooscunis,  .*>44.  547 

truncatus,  544 

Axis  of  earth,  stability  of, 
223 

granitic,  rare  in  moun- 
tains, 316 

Axo]>hyllum  (axis  leaf).  536 
Axosmilia  (axis,  svutll  knife), 
524 

Aymestry  limestone,  463, 475 
Ayrslure,  upi>cr  Silurian  of, 

452 

Aaores,  Captain  Da>^nan’8 
soun<iings  t<»,  136 

silica  deposited  in, 

134 

Azoic  (u'ithout  life'),  a tenn, 
• the  use  of  which  Ls  not  war- 
ranted, 464 


Baubagr,  on  falling  of  detri- 
tus in  water,  166 
“ IJa4-k  ” of  a quarry,  213 
Back  of  a lode,  370 
Baculites  (staff fossil),  628, 631 

anceps,  fig. , 615 

Bagenalstown,  Esker  near, 
6S4 

Bagshot  beds,  636 

series,  643 

Bniera,  564 

Baily,  Mr.,  exiierimenta  with 
torsion  balance,  225 

Mr.  W.  IT,  4>n  fossils 

of  lower  Coal-measures,  514 

on  fossil  fish,  428 

Bairdia  (after  />r.  Baird),  536 
Bakevellia  (after  Mr.  Bake- 
well),  547 

antl(j[na,  fig., 544. 

Bala  and  Caradoc  group, 
447 

and  Yale  fault,  448 

beds  in  N.  Wales,  443 

lieds  in  Ireland,  453 

beils  near  Quebec,  457 

Lake,  section  8.  of, 

442 

limestone,  an  " inlier,” 

261 

extent  of,  187 

Balanophyllia  (gland  leaf), 
im 

■ ■ ■ calyculus,  fig.,  676 


BalAnus  (a  gland,  an  acorn), 
653 

Balamudon  (grampus  tooth), 
676 

Ballybunion  Head,  caves  un- 
der. 216 

Bally  orood.  Coal  - measnres 
near,  326 

Ballycorus  Icadworks,  near 
Dublin,  360 

BalljTnurtagh,  fclstonc  of,  72 
Baun6,  Mames  de,  586 
Bantry,  Carboniferous  slate 
of,  566 

Bay,  cleavage  of,  268 

Bay,  discoloured  mar- 

7 gin  of,  115. 

great  joints  near,  266 

Barr  limestone,  468 
Barrando’s  parallel  between 
the  Silurians  of  Bohemia 
and  Mcandinavia,  362 

colonies,  408 

on  Bohemian  rocks, 

455 

parall61ej^etc.,  456 

on  Dr.  Emmon’s  Ta- 

conic  system,  458 

names  for  lower  Palseo- 

zoic  fauna,  464 

on  upper  Silurian 

rock.s,  483 

Barrett,  Mr.,  on  bird  remains, 
636 

Barrow,  Mr.,  on  lloang  Ho, 

no 

Barton  licds,  643 

clay,  636 

Baryhelia  (heavy  «un),  630 
Barj'smilla  (heavy  knife),  636  • 
Basalt,  66,  86 

prismatic  jointing  of, 

213 

of  Cave  Hill,  661 

Basaltic  plateaux,  336 
Base  of  carboniferous  rocks 
of  County  Dublin  are  not 
shewn  near  outer  bouu- 
darj-,  304 

Basement  bed  of  London 
clay,  636 

Bases,  meaning  of,  in  chemls- 
tr)',  16 

Basic  bodies,  16 

igneous  rocks,  57 

Basin-sliapcd  depnission,  242 

outlying,  285 

always  formed  deep 

beneath  surface,  347 

of  internal  drainage 

connected  with  prineii)al 
mountain  chain  of  Old 
World,  706 

Bosinotopus  ( ? Basdnotopus, 
exjdorer  of  places),  653 
Basset  e<lges  of  lieds,  233 
Bath  oolites,  564,  563 
Bath  stone,  142 
Bathyeyftthns  (deep  cup),  630 
Batrdchia  (frogs),  378 
Batt  or  Bass,  122 


Bears,  restriction  of  species 

of,  365 

Bears  in  Ireland,  625 
Beauce,  calcairo  do  la,  656 
Boaucliamp,  de,  656 
Beaumont,  M.  E. , theorj'  of 
mountains,  351 
Beaumont,  Mr.,  mining  dis- 
trict of,  362 

Beanmontia  (after  M.  Beau- 
mont), 536 

Beavers  in  England,  622 
Beckles,  Mr.,  discovery  of 
mammalia  in  Purbeck  rocks 
by,  416,  586 
Bed  mining,  367 
Beds,  deposition  of,  173  ’ 
extent  and  termina- 
tion of,  185 

of  rock  only  deposiictl 

at  inter\'als,  183 

of  trap,  821 

of  iron  and  cojipcr 

ore,  356 

Becehey  on  disintegration  of 
land  in  Spitzbergeu,  163 
“ Beef”  IhkIs,  535 
Belcher,  Sir  E.,  arctic  fossils 
brought  by,  420,  524 
Bulcmnitolla  (o  little  dart 
stone),  631 

mucronata,  616 

plena,  617 

Bclemultcs  (dart  stone),  380, 
552,  559,  59^  527 

abbreviatlns,  fig.,  586 

dilntatus,  6u9 

ellipticus,  570 

elongatus,  fig.,  567 

fusifonnis,  5?3 

hastatus,  fig.,  577 

minimus,  611 

mucronatus,  619 

Puzosianus,  518 

tubularis,  567 

Waterliousei,  573 

Belfast,  section  througli.Xidl 
Belgium,  Devonian  rocks  of, 
562 

Carbouiferous  rocks 

of,  536 

Eocene  beds  of,  656 

Melocene  beds  of,  662 

BelinQrus  (rfarf  faiZ),530 

rogino,  530 

rotundatus,  530 

trilobitoides,  536 

Belle  Isle  shale  and  gritstone, 
457 

Bollewstown,  County  Meatli, 
Llandeilo  nags  at,  454 
Belleroi>hina  (tike  a Bellero- 
phon),  631 

minuta,  fig.,  610 

Beller5phon(nam«o/  the  son  of 
Glavcus),  460,  462,  465,  561 

dilatatuK,  fig.,  474 

cxpnnsus,  fig.,  476 

hiulcus,  522 

nodosus,  450 

utriatus,  502 
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Bellcruphon  tangcntialis, 
flK.,521 

Wenlockensis,  473 

Belono8t6Dius  {ruedit  mouth ), 
595.  «»2 

BeloptSra  (dnrt  wing),  653 

belemnitoidea,  647 

Belosepia  (dart  w/wid),  653 

sepioidea,  642 

Beinbridge  beds,  686.  648 
Benauniuorc,  felstone  of,  12 
Bennet,  Mr.  C.,trilobitea  dis- 
covered by,  457.  594 
Beutiud  Edge,  471 
Berger,  Dr.,  on  thickness  of 
Antrim  basalts,  660 
Ber6e  ( name  of  Baixhus'  nurse), 
489 

Berosus  (proper  name),  595 
Bertrich,  volcanoe.s  near,  291 
BerR-jTi  range,  cleavage  in, 
267 

curve  of  beds  in,  352 

Bcrycopsis  ( bcryx  - looking), 
631 

Beryx  ( t ),  631 

Lewesiensis,  618 

Berzelius's  term  Allotropism, 
27 

Besancon,  groupe  de,  590 
Bc.ssel,  M.,  on  diameters  of 
earth,  221 

Boyi  ichia  (after  il.  Beyrich), 
460,  463.  463,  490 

coinplicata,  451 

Kloe<leni,  475,  480 

Biancone,  628 
Biaxial  or  potash  mica,  44 
Bicarbonate  of  lime,  33 
Big  Bone  Lick,  Kentucky, 696 
Bigsby,  Dr.,  on  Palaeozoic 
rocks  of  New  York,  457, 4S6 

on  North  America,  405 

Bifrontia  (<tro  fronts,  lat.), 
653 

Billings,  Mr.,  on  fossils  near 
Quebec,  457 

on  Anticosti,  486 

Biloculina  (two  partitions, 
lat.),  653 

Binaiy  compounds,  14 
Binds  or  shale,  122 
Biology  (life-lore,  science  of. 

lifO.'i  - 

Blotite  (after  Prof.  Blot),  40 
Birds,  limitation  of  species 
of,  393 

fossil,  of  Triassic  pe- 
riod, 560 

• on  upper  Greensand, 

013 

of  Cretaceous  perio<l , 

630 

in  iEocene,  655 

Birdseye  limestone,  456 
BischolPs  chemical  and  physi- 
cal gcologj',  49 
— — — on  solubility  of  lime 
with  carlHinic  aciil  gas,  83 
on  contraction  of  ig- 
neous rocks,  96 


BischoCT  on  carbonate  of  lime, 
127 

on  agency  of  animal- 
cules, 135 

on  formation  of  coal, 

188 

on  pseudomoiiihic  ac- 
tion, 160 

on  water  gniningaccess 

to  heated  interior  ol  eartli, 

I 

on  volcanic  eruptions, 

342 

Bison  crassicomis,  694 

latifrons,  691 

Bitter  spar,  34 
Bituminous  limestone,  145 
“ Bituminous  coal  ” term  ex- 
plained, 149 

Black  Ball  Head,  greenstone 
ash  of,  82 

rats  of  Bantrj-  Bay,  390 

River  group,  456 

swan,  499 

Blackdown,  Greensand  of,  619 
Blaokheath,  section  at,  638 
Blacs  (collier^  tarn),  1^ 
Blapsldo),  595 

Blastoldea  (Imd-shajyed  kind), 
380 

Blocks,  single,  from  one  bed, 
178 

Blocks  of  limestone  on  hills 
of  south  of  Ireland,  676 
“ Blow -holes,”  formation  of, 
220 

Blown  sand  on  coast  of 
France,  154 

Blowm  sand  of  'Westem  Atus- 
tralia,  155 

Bog  of  the  Ring,  section  at, 
305 

Boghead  or  Torbaneliill  coal, 
151 

Bogs  and  eskera,  association 
of,  684 

Bohemia,  Cambrian? rocks  of, 
438 

Cambro  or  lower  Silu- 
rian rocks  of,  455 

upper  Silurians  of,  483 

Bohemian  topaz,  32 
Dolderburg  beds,  662 
Bole  (clod  of  earth),  39 
Bone  bed,  extent  of,  186 

of  was,  476 

near  Stuttgart,  551 

Bonmahon,  felstone  of^  72 
Bord  and  jtillar  work  m coal 
mining,  367 

or  brow,  870 

Bos  (or,  lat.^,  nntiqnns,  688 

primigeuius,  688 

Botanicjil  regions,  385 
Botany  and  zoologj',  373 
BothnolCpis  (pit  scale),  496 
Botlirosteufl  (pit  bone),  653 
BothrocOuis  (j>U  jpiwilcr),  547 
Boucher  de  Perthes,  M.,  on 
flint  implements  in  tlic 
drift,  TOO 


Boulder  clay,  672 

drill,  673 

dimensions  of,  in  Ire- 
land, 676 

of  granite,  dimensions 

of,  678 

Bourdeaux,  faluns  of,  662 
Bourgeticrinus  ( after  M. 
Bourget),  Ml 

ellipticus,  618 

Bounion,  Count,  166  forms 
of  crystals  of  caluite  figured 
by,  33 

Bowerbank,  Dr.,  on  fossil 
fruits,  639 

Bowman,  Mr.,  on  Denbi^- 
shire  sandstone,  467 
Bovey  coal,  151 
Bracbiolites  (litOe  shoulder 
fossil),  630 

Brachiopoda  (arm  footed),  3S1, 
537 

Brachyeyfithus  (shori  cup),  636 
Brachygu5thus  (short  jtuc), 

653 

Brachymetupus  (short  fore- 
head), 536 

uuralicus,  530 

Brachyphyllia  (short  lenf), 
630 

Brachji)hyllnm  (short  lecj), 

594 

Brachytr€nia  (shori  hole),  IS6 
Bracklesham  beds,  636.  643 
Bradford  clay,  an  inlier,  2S11 

describe,  573 

Bradlhms  (slow  .396 

Brauchiata  (haring  gilU),  STS 
Branchiop5da  (gill  footed),  S79 
Brattice,  370 

Bray  Head,  section  of,  436 

, granite  blocks  on, 

678 

Breaking  up  of  generic  or 
specific  areas  by  geological 
ciianges,  397 
Breccia,  116 
Breeds  or  varieties,  417 
Bridges  of  Ross,  County  Clare, 
242 

Bristol  diamonds,  32 

coalfield,  section  from, 

198 

carboniferous  rocks  ef, 

517 

Bristow  and  Forbes  on  Isle 
of  Wight,  348 

Mr.  W.  ^ oolitic  sec- 
tion by,  562 

on  Purbeck  beds,  5S5 

sections  of  Isle  of 

Wight  by,  603,  636 

on  Ba^hot  series,  f43 

British  Islands,  fossil  animals 
and  plants  in,  comimred 
with  living,  401 

contain  l>est  abstract 

of  hl.story  of  formation  of 
earth's  crust,  427 
Droadford,  drift  mounds  near, 
682 
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Brond  Lough,  Wicklow,  being 
fllle<l  up  by  brooks,  IQQ 
“ Brockr^,”  boulders  of, 
fiZ4 

Bnxlbo,  gnnict  from,  A1 
Brodie,  Mr.  mammalian  re- 
mains diHcuvcred  by,  UJ} 

, on  oolitic  insects, 

598 

Brotno,  volcano  in  Java, 
833.  3.^7 

Brongniart,  M.  Ad.,  on  fossil 
fem,  4iJ8 

Bronteus  (thundering,  name 
/or  Jupiter),  504 

, llabcllifer.  Ml 

Bronzitc  (bronze  stone),  37 
Brora,  omitic  bc<ls  and  coal 
at  5^* 

Brown  coal  or  lignite,  150 
Brown  s{>ar,  34 
Brow,  coal-mining  term,  370 
Bruxellien,  svsteme,  050 
Bubdlus  (a  buffalo)  moscha- 
tus.  093 

Bucclnum  (a  trumpet,  lat), 
530 

macrocheilus  resem- 
bles, 403 

Buckland's  Bridgewater  trea- 
tise, 593 

showed,  caves  to  have 

been  dens  of  extinct  ani- 
mals, 090 
Bucklandia,  594 
Buddie,  Mr.,  on  horse  in 
Forest  of  Dean,  194 
Buddie  (an,  ore  dresser’s  imple- 
ment), 310 

Bulimina  (bultmus-like),  594, 
032 

obliqua,  610 

BuIImus  (voracious,  ox  hun- 
ger), 053 

ellipticu-s,  fig.,  019 

Bulla  (a  bubble,  lat. ),  595 

eloiigata,  588 

Bullaia  sculpta,  009 
Bunbur}',  Sir  C.,  on  Indian 
plants,  533 

Bunsen,  on  volcanic  rocks  of 
Iceland,  00 

8upiK>se8  two  volcanic 

foci  beneath  Iceland,  340 
Bunter  schiefer,  542 

sandstein,  549 

sandstone  of  Britain, 

553 

BuprestIdie,  595 
Bupreston  (Greek  name,  for  a 
l^tle)  styguus,  fig.,  587 
Burnt  flints  under  Antrim 
basalt,  600 

Bun-en,  Co.  Clare,  thickness 
of  limestone  in,  190 

joints  in.  211 

Carboniferous  ^ lime- 
stone of,  612 

Bustard,  extinction  of  in 
Englan«l. 

Byaaolite  (jlax  stone),  33 


Cacholoho  (f  from  river  Cach 
in  Bucharia),  32 
Caen  stone,  142 
Caernarvon  and  Merioneth, 
parallelism  of  hills  of,  351 
Cahcrconreogh  mountains, 
455 

rocks  of,  495 

limestone  boulders 

near,  676 

Cainotherium  (tiew  beast)  662 
Cainozoic  epoch,  633 
Cairngorm  (name  of  Scotch 
mountain),  32 
Caithness,  Old  Red  of,  496 
Caking  coal.  152 
Calais,  Coal-measurea  below 
Chalk  at,  621 

Calamites  (reed  fossil,  lat), 
685. 593.  660 

arenaccua,  551 

cannaeformis,  525 

Mougerti,  5M 

CalamophyIlia(reed  leaf),  694, 
632 

Stokesii,  579 

Calamopleunis  (reed  rib),  631 

Calc  spar,  32 

Calcairo  ^ssier,  143,  6M 

8t  Onen,  contenipo- 

raneous  errosion  in,  193 

silic.eux,  564 

Calcaphanite  (lime  aphanite), 
78 

Calcareous  tufa,  126 
Calce5Ia  (a  slipper,  lat.)  San- 
dalina,  fig. , 5U1 

schust,  562 

Calcitu  (calx,  lime,  lat.),  and 
Arragouite,  26,  32 

solubility  of,  52 

Caldferoua  sandstone,  456. 
522 

Calculation  of  throw  of  faults, 
716 

Calliard  or  galliard,  120 
Callitrites  (beautiful  fossil), 
653 

Calp,  512 

Calocepb&Iua  (beautiful  head), 
653 

Calop6mus  (beautiful  opercu- 
lum),663 

Calton  nill,  ash  beds  of,  331 
Calycophorida?  (cup-bearing 
kind),  382 

Calym^e  (concealed),  460, 463. 
405.  475.  479.  490 

Blumonbachii,  fig., 474 

brevicapitata,  451 

parvifrons,  447 

Calyirtraca  (a  bonnet),  653 

costaUi,  664 

Caraarophuria  (chamber-carry- 
ing), 544,  547 

Scblothciml,  fig.,  544 

Cambrian  rocks  of  Caernarvon 
described  by  Professor 
Ramsay,  436 

})criod,  434 
oasila,  437 


Cambrian  fossils,  none  in  Cau- 
bro-silurian  rocks,  458 
CainpanOla  (a  little  bell,  lat.), 
4.S9 

Camnophylliun  ( ? ),  586 

Camoro-silnrian  coal  in 

counties  Cavan  and  Tippe- 
rary, 238 

rocks  faulted  against 

Coal-measures,  287 

unconfonuable  on 

Cambrian,  295 

peritxl,  441 

rocks  of  Ireland,  453 

aiiUiracito  in  Ireland, 

454 

animals  of,  few  pre- 
served, 464 

Camels  and  llamas,  395 
Camel,  fossil,  in  India,  663 
Canada,  geological  survey  of, 
73 

Canary  islands.  Von  Buch's 
description  of,  336 

plants  of,  392 

Cancellaria  (cross  - barred, 
lat),  653 

costellifcra,  669 

evulsu,  fig. , 646 

Cants  (dog,  lat),  654 

sp. , 693 

Canncl  or  parrot  coal,  152 
Cape  Barren  goose,  6W 
Capitosaurus  ( ? capfitosan- 
rus,  hole  Heard),  551 
Capricomi  (goat-honud,  lat), 
628 

Caprinella  (little  caprina, 
lat),  631 

Caprina  (goat-like,  lat),  631 
Caprotina  (resembling  a goat) 
Chalk  shells,  025 
Caradoc  sandstone  of  Shrop 
shire,  449 

Caradoc  sandstone  fonnerly 
confounded  with  Llando- 
very, 466 
Carabidie,  595 

Carabus  (gr.  for  a beetle),  595 

eh>ngatus,  587 

Camt5mus  (head  cut), 

Carbon  (carbo,  coal,  lat),  80 

description  of,  31 

essentially  organic  ele- 
ment, 138 

Carltonaceous  substances, 
compt)sition  of,  138 

limestone,  145 

shale,  150 

Carbonates,  32 
Carbonate  of  lime,  32 

of  magnesia,  33 

of  lime  in  fresh  water, 

124 

in  sea,  125 

maximum  araonnt 

in  solution  by  water,  126 

of  inBgne8ia,detmsition 

of,  136 

Carbonic  acid, composition  of 
16 
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Carbonic  acid  gas  in  water,! 24 
acid  gas,  fonner  sup- 
posed prevalence  of,  585 
Carbonifen)us  limestone,  con- 
taining boulders  of  gi^ite 
and  mica  schist,  145 

great  thickness  of, 

HS5 

scries,  lateral  cliange 

in,  2u8 

rocks,  great  fault  in, 

called  Slievnomuck  fault, 
285 

limestone  overlaps  Old 

Red  sandstone,  2<15 

limestone  nesting  on 

Cambrian  rucks,  205 

resting  on  Wenlock 

rocks,  205 

often  overlaps  Old  Red 

sandsbme,  31)0 

linicstono  and  contem- 

]K>raucous  traps  and  ashes 
in  county  Limerick,  825 

formation,  persistence 

of  sjiecics  through  great 
thickness  in,  414 

limestone  of  Ireland, 

511 

slate,  5M 

l>eri<xl,  5M 

slate  fossils,  5f)7 

rocks,  characteristic 

fossils  of,  525 

limestone,  resem- 
blance of  tJie  Chalk  to,  514 

slate  of  Ireland,  1S4. 

507 

Carcass  of  woolly  elephant 
nml  rhinoceros  found  fossil, 

524 

Carchar5don  (jag  tooth),  553 

megallfMhm,  554 

Carchiroi)sis  {thurk-teeming), 
535 

Cader  Idris,  448 
Caniiaster  (heart  star),  631 

Rcnstctli,  509 

granulosus,  518 

Card  ilia  (o  little  henrt,  lat.), 
553 

Canlinia  (heart-like),  535,  601 

Listen,  555 

Canliocari>ou  (heart fruit),  535 
CaniirMion  (heart  tooth),  5^5 
Cnnliola  (little  heart,  lat.), 
455,490 

Ohrosa,  412 

semirugntn,  462 

Curdiomorj>ha  (heart  shape), 
535 

modiolifonnis,  544 

oblonga,  tig. , 527 

t^ardita  (licart-like,  lat.),  562 

plan  i costa,  545 

senilis,  Hg.,  558 

t’ardium  anguslaturn,  flg.  ,570 

dissimile,  fig.,  584 

cdule,  584 

Hillunum,  612 

siilueroivleum,  507 


Cordium  striatnlom,  681, 580 

Rlueticum,  5^,  555 

CamivOra  (jU-sh  eating,  lat.), 

mi 

CarHugfoixl  granite  converted 
into  greenstone,  93 
Carlow  county.  Carboniferous 
limestone  resting  on  gran- 
ite, 298 

Carlsl>ad,  deposition  of  car- 
bonaUi  of  lime  at,  127 
Canicliuu  (JUsh-coloured,  lat.), 
32 

Carjienter,  Dr.,  on  Orbito- 
litCH,  654 

C:iri>olUhe8  (Jrnit  stone),  535 

Ruckiandi,  579 

conicus,  579 

Carrickbum,  felstone  of,  72 
Carrickfergus,  salt  mines 
near,  554 

Carroll,  Mr.,  found  mica 
8chi.st  in  Carboniferous 
limestone,  145 

Carte,  Pr.,  on  fossil  animals 
in  Ireland,  595 

Carter,  Mr.,  on  geology  of 
Jmlia,  592 

Carving  of  surface  of  earth, 
281 

Carj-ophyllia  (nut-leaf,  dove- 
tree),  579,  530 

caespitosa,  690 

Ca.scade  mountains  of  North 
America,  333 

Ca.ssidaria  (hebnet-Ukc,  lat), 
531 

bicatennta,  559 

Smithii,  542 

Castlo  Hill  near  Dudley, 
«lomo-sl»ap<Hl  elevation.  347, 
471 

Casts  of  fossil  bodies,  375 
Catalogue  of  earthquakes, 
708 

Cataracts,  cutting  back,  107 
Catarhiui  (nostrils  doum- 
■wants),  375 

Catopygus  (nether  rent),  631 

carinatus,  513 

Catsbrain  (n>ck),  120 
Catsgrove  Hill,  section  fTom, 

199 

Catseye  (mineral),  32 
Catskill  ^)up,  503 
CatOrus  (down  tail),  695,  532 

nngustus,  584 

Cauda-gnlli  grit,  593 

Cauleri»ites,  547 

Cauleriia  (stalk,  gr.  and  lat.) 

selaginoides,  542 
Cauloi)tfiris  (stalk  fern),  535 
Causes  now  in  operation  Hie 
same  as  ever,  279 
Cautley,  Colonel,  on  SewSlik 
fossils,  553 

Cavan,  Cambro-silurion  rocks 
of,  454 

Cave  deposit^  585 
Cave  Hill,  Belfast,  section 
through,  661 


Cavities  left  in  hard  beds  by 
a fault,  248 

Cellepiira  (cdl-pore,  lat)^  487 

cellulose,  60S 

47t2 

Cellulores  (cellular),  8SS 

Cemoria  /iU:eX  Xoa- 

cliino,  tig.,  687 
Cenomanicn,  etaw,  623 
Central  heat  of  globe,  224 
Centres  of  disiurblng  force 
deep-seated,  849 
Controlfpis  (spur  scale),  ,'>95 
CeDtn>cceuia(^urar>ito),  630 
Cephalaspis  (head  huckltrX  488 

Lyellii,  tig.,  497 

Muroliisonii,  481 

Cephalitos  (little  head  fossil), 
630 

CejihaloptWla  (head-footed),  380 

description  of,  626 

Ceramflrus  (tile-tail),  5u5 
CoratiocAris  (horn  skrimpX 
488,  541 

Ceratites  (horn  fossil),  559, 
560.627 

co-ssianus,  5£J 

nodosus,  tig..  550 

CeratiocAris  (homed  skriatpX 
483 

Murchisonii,  479 

Ceratudus  (horn  tooihX  559 

altus,  556 

heteromorphus,  551 

CeriocAva,  531 

Ccrioix'>ra  (jcor  or  AoR<y-co«ii!i 
jKwe)  atlinis,  472,  532 
Ceritella,  dim.  of  Ceriihium, 
595  4 

Cerithinm  (a  little  hom\  5v6 

carbouarimu,  903 

elegaiiK,  fig.,  649 

fUnatiun,  542 

muricatum,579 

Portlandicum,fig.,584 

Cemans,  Maruos  de,  590 
Ceromf-a  (homed  w-ussel'},  594 

coucentriciim,  574 

Cervus  (deer,  lat ) alous,  51*4 

tarandus,  688,  594 

Cerylon,  595 

Cestmeion  (from  gr.  neons  for 
a fish),  631 

CctAcen  (whale  tribe,  lat.)  877 
Cetiosauru-s  (whale  listtrdX 
595.  532 

brc\i.s,  606 

longits,  584 

ChabAsite  (gr.  nanu  for  a 
stone),  48 

Chalcedony  (from  Chaiaetk/% 
in  Asia  Minor),  32 

in  trachj-te,  62 

Clialicothcrium  (cement  beastx 
553 

GoldAisii,  565 

Chalk,  142 

great  thickness  t*f  196 

conv'crted  into  bine 

limestone  by  trap  dyke 
near  Belfast,  331 
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Chalk  marl,  600.  613 

resemblance  to  Car- 

bonifun^UH  limestone,  614 

with  and  without 

Hints,  614 

resting  on  Lias  in 

Yorkshire,  620 

resting  on  Pal«?ozoic 

rucks  in  England  and 
I’l-nnce,  621 

N.  E.  of  England,  621 

■ ■■  ■ wider  than  any  Ter- 
tiarj’  gronji,  634 

eroded  suiface  of,  636 

near  Ilelfast,  661 

flints  in  drift  of  S.  of 

Ireland,  616 

Clialyblte  (irotutone),  34 
Chamn  (a  ffofte,  or  else  ns  bi/ry- 
inq),  631,  663 

niedlcagmaln,  fig.,  649 

squamosa,  llg. , 645 

Cliamounix,  valley  of,  formed 
by  erosion  «in  soft  slates, 
351 

Chance,  Messrs.,  melting  Ba- 
salt, 64 

Change  In  beds  laterally,  201 
Changes  in  beds,  natural  re- 
sult of  mode  of  formation, 
205 

of  climate,  as  proved 

by  fossils,  420 
Cliara  (joy),  Lycleii,  644 

mcdicaginula,  llg.,  649 

Clmracteristie  fossils,  mean- 
ing of,  404 

species  of  a group,  410 

Chamwootl  Fore.st,  boulders 
fnnii,  6T6 

Clmumont,  gj’psura  quarries 
of,  214 

Chozy  limestone,  456 
Cheilostomatn  (Up^outhed), 
381 

Chcirocrinus  (hand  lily),  4S8 
Chein'xlus  (huiul  tooth),  536 
Cheiromvlni  (hand -mouse 
fcfmO,  3T6 

Cheiroptera  (hand  xcingtd), 
877 

Cheirothcrinm  (hand  beast), 
555 

Cheirtlnis  (hand  tail),  455. 
460.  463.  405.  490 

clavifrons,  451 

Chelone  (U/rtoise  or  turtle), 

— ^ Bellii,  606 

Benstedl,  613 

brcviccps,  642 

Chelonia  (tortoises),  878 
Chemical  rocks,  aqueous  or 
igneous,  51 

and  organic  forces 

producing  rocks,  141 
Chemically  fonned  rocks  de- 
scrilwd,  141 

Chemnitzia  (after  M.  Chem- 
nitz), 595 

glganten,  581 


Chemnitzia  Heddingtonensis, 
579 

lineata,  570 

vittata,  575 

Chemung  group,  503 
Cheneu<loi>5ra  (goose  inside 
pore),  630 

fungiformis,  612 

Chert,  32 

and  flint,  143 

in  limestone  near  Dub- 
lin, 144 

of  Middleton  Moor,  144 

Cheri^',  or  soft  coal,  152 
Chesil  bank.  Island  of  Port- 
land, 99 

Chiastolite  (taking  form  of 
Greek  letter  chi),  39 
Cliilognfttha  (thousand  jatced), 

379 

Chilop5da  (thotisand  fool), 
379 

Chimney  scrapings,  £10,000 
per  annum  from,  362 
China  Sea,  deposits  in,  206 
Chiton  (a  tunic),  487 

Grayanus,  473 

Grifllthii,  tig.,  470 

Chlorine  (Greek  for  green),  30 
Chlorite  (green  as  a plant), 
SO 

in  granite,  90 

in  schist,  168 

Clinanites  (aipel  or  cucible  fos- 
sil) Kbnigi,  615,  630 
Cha*rop5timus(pffr  ricer),  65^ 
656,  663,  665 

Cuviori,  650 

Chaitetes  (like  a horse's  mane), 
48L  547 

Choke  damp,  140.  370 
Choncirites  (cartilage  fossil), 
464 

regularis,  445 

Chondrosleus  (carti5«ge  hmu), 
595 

Chonetca  (cup  or  box  fossil), 
4^540 

semiradiata,  502 

Chomatudna  (mound  tooth), 
536 

Chonophyllum  (funnel  leaj), 
487 

Chronological  classification 
of  each  large  an’a  to  be 
setileil  separately,  409 
Climnological  nomenclature 
427 

table  of  geological 

l)Criod8  and  epochs,  430 
Clirysaora  (golden  case  F),  694 
Chrj'sOlite  (golden  stone),  35 
Church  Stretton,  Llandovery 
beds  near,  467 

rocks  near,  449 

Ciddris  (n  turban),  595 

coronata,  580 

fli^rigcmma,  580 

peromata,  618 

Cinder  ihhI,  585 
Cinnamon  stone,  41 


Cipolino  (Italian),  143 
Circular  motion,  nature  of, 
388 

Circumdenudation,  moun- 
tains of,  350 

Cirripedia  (curl  footed,  lat.), 

3IU 

Cirrus  (a  mrl,  lat),  595 
Cladocora  (branch  pu)rj>el),  487 
Cladocyclns(5rarecA  circle), 631 
CladOdus  (branch  tooth),  536 

stnatus,  llg. , 529 

ClndyMon  ( ? ),  560 

Cladophyllia,  632 
ClailHjnie  beds,  652 
Clare  county,  Joints  in,  211 

coast  of,  joints  along, 

220 

Clarke,  Rev.  W.  B.,  on  Aus- 
tralian rocks,  534 
Classilication  of  rocks,  49 
of  igneous  rocks,  ac- 
cording to  comitosition,  57 
of  igneous  rocks,  ac- 
cording to  mode  of  fonna- 
tiou,  58 

of  rocks,  table,  173 

of  animal  kingdom, 

375 

of  groups  of  beds  by 

their  fossils,  410 
Clathnuia  (lattice-like,  lat.), 
630 

Lyollii,  605 

Clausilia'  (a  little  closed  shell, 
lat),  653 

Clavngclla  (7  clavigclla,  a 
little  club-bearer,  lat),  653 
Clay,  ^ 121 

rock,  123 

thickness  of  beds  of, 

197 

fossils,  404 

Clayslate,  12.l,  166 

cleavage  of,  265 

of  Cretaceous  age,  271 

of  Tertiarj’  age,  271, 

624 

Claystone  or  wacko,  80 

of  Jamesou,  basaltic 

ash,  83 

Cleat  of  coal,  I.5.S.  212 
Cleavage  of  crystals,  24 

of  rocks,  168 

and  foUatl«)n,  265 

time  of  production  of, 

270 

planes  superficially 

bent,  271 

and  foliation,  difier- 

euce  between,  274 

of  Leinster  district, 

275 

Clent  Hills,  section  of,  545 
ClidophOms  (lock  and  key  oar- 
rying),ASl 

Cliflk,  i>reclpices  and  passes 
fonned  by  erosion  of  seu, 
101 

Climate  of  earth.  If  equator 
coincided  with  ecliptic,  223 
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Climate  modified  by  rotation 
of  earth  on  axis,  and  by  in- 
clination of  axis  to  plane  of 
orbit,  38S 

affe«!ted  by  altitude  or 

depth,  3S& 

influence  on  breeds, 

411 

of  northern  hemis- 

pliere  once  colder  than 
now,  421 
Climates,  3S1 
Clinkstone,  ^ "lS 
Clinton  enmp,  485 
Clione  ( ? Clio,  the  Muse), 
401.  Ml 

Cloughton,  rocks  of,  5x6 
Cloghvorra,  a boulder  near 
Keninaro,  676 

Clisiophyllum  (antch  leaj), 
487.  546 
Clunch, 123 

Clun  Forest  section,  481 
Clymenia  limestone,  500 

[Clynene,  a sea  nymph), 

504.  530.  627 

striata,  fig. , 501 

Clypeaster  altns,  664 
Clypeiformii  (shield  -formed, 
lat.),  628 

Clypeina  (shield  - like,  lat.), 

631 

CljT)eu8  (a  buckler,  lat.),  505 

Crag.  667 

Craio  blanche,  623 

pisolititpie,  623 

Craig  y gljm,  Llandeilo  lime- 
stone of,  445 

Coal,  fonued  by  decomposi- 
tion of  vegetable  matter, 
130 

description  of,  149 

varieties  of,  150 

most  regular  of  strati- 
fied rocks,  180 

“ face  ” of,  212 

"end  "of,  212 

of  Cmnbro-silurian  age, 

oog 

" blacked  ” by  trap 

dykes,  330 

mining,  367 

search  after,  guided  by 

fossils,  422 

searcli  for,  in  County 

Antrim,  558 

of  Oolitic  age,  576 

of  Cretaceous  age,  624 

Coal-measures,  outlying  hills 
of,  In  Ireland,  286 

faulted  against  Cam- 

bro-silurian  rocks  in  Tip- 
liorarj’,  287 

of  County  Dublin,  301 

prolmble  fonuer  ex- 
tension of,  in  County  Dub- 
lin, 305 

•  of  Ireland,  511 

of  England  and  Wales, 

516 

•  of  Scotland,  523 


Coal-measures  of  Belgium ,530 

of  France,  531 

of  America,  531 

of  Indio,  533 

of  Australia,  533 

Oolitic,  576 

Cretaceous,  624 

Coal  seat,  100 

Coblentzian  and  Abrien  sys- 
tems, 502 

Cocciuella  (a  little  f>CTTi/,lat.), 
605 

Coccosteua  (berry  bone),  400, 
408 

decipiens,  fig. , 497 

CochliOdtis  (coil  tooth),  536 

oblongus,  fig.,  520 

Cockfleld  Fell  dyke,  329 
Codonaster  (bell  star),  530 
Cadacanthus  (hollow  spine), 
536,547 

granulosus,  fig.,  543 

Cadentcrata  (hollow  inside), 
381 

Coeloperca  OioUow  perch),  653 
C<eIo|>6ma  (hollow  operculum), 
653 

Colei,  fig.,  641 

Cceloptychium  (hollow  fold), 
630 

Coelorhynchus  (hollmo  snmU), 
631,  657 

Ccelosmiiia  (hollow  small 
knife),  504 

laxa,  616 

Coenites  (community),  487 
Coffee  berries,  fossil  fruits 
like,  654 

Cobmrence  of  laniime,  170 
Culcia  (after  Lord  Cole),  405 
Coleo])t5ra  (sheath  winged), 
378 

Collyrito  (glue  stone),  30 
Collvrites  (a  Httle  loaf),  595, 
632 

Collyweston  slate,  571 
Colonics  of  M.  Bnrrande,  40S 
Coloiiodus  (limb  tooth),  536 
Colosseum,  bulltof  travertine, 
127 

ColossocbClys  (colossal  tor- 
toise) atlas,  663 
Colour,  changes  of,  in  same 
mineral,  26 

of  ocean  and  shallow 

seas,  114 

Cohunbaj  (doves,  lat.),  377 
Columbella  (o  little  dove,  lat.) 

sulcata,  fig.,  6x0 
Columnar  basalt,  214 

form  In  lavas,  334 

Columns  with  articulations, 
214 

ColymbCtes  (a  dirar),  595 
Colwell  Bay,  sections  at,  643 
CumntOla  (a  small  head  of 
hair)  Brownli,  660 
Commiirngh  mountains,  2BS 
COmosCris  (hair  I endive  t), 
504 

Com]>act  rocks,  50 


Compact  feldspar,  69 
Composition  of  sea  water 

137 

laws  of,  12 

Compound  subsbinces,  12 
Com  press!  (compressed,  lat,X 

628 

Comptonia  (after  Lord  Comp- 
ton) dryandrifolia,  614 
Comjitonite  (after  Lord  Comp- 
ton), 43,  48 

Conchifera(sAW{  bearing,  Ut.X 
SSI 

Conchlosaurus  (shell  lisanf), 

560 

Concretions,  153 

of  ore,  356 

Confendtes,  547,  632 
Conglomerate,  116 

extent  of,  1^ 

most  irregular  rock, 

180 

in  CarboniferoTis  lime- 
stone, 301  * 

Conglomeritic  limestone,  146 

gneiss,  170 

COniosaurus  (ehcUk  or  mortar 
lisarJ),  631 

Coniston  group  of  Professor 
Sedwick,  453 


grits,  482 

Conocardium,  462,  465.  540 


priste,  460 

Conocephilus  (cone  head),  455, 


457,  465 

invitus,  443 

CoiuVlus  (cone  tooth),  505 
Consolidation  of  sandstone, 
120 

of  coral  rock,  133 

Constituents  of  rock-forming 
minerals,  29 

Construction  of  geological 
majis  and  sections,  236. 
716 

Contemporaneity  of  beds  on 
same  horizon,  105 
Contemporaneous  erosion  and 
Ailing  up,  103 

trap  distinguisbe«{ 

from  intru-sive,  322 
Contorted  beds,  effect  of  faults 

on,  251 

Contortions,  237 

on  coast  of  Dublin.  2$S 

sometimes  inexplica- 
ble, 230 

connection  between 

faults  and,  262 
Contnudlon  of  igneous  rock* 
on  consolidation,  96  , 

Contour  majts  of  Ireland,  ^ 
Conninria  (little  cone  likf, 
lat.),  462,  4^  540 

Hubtilis,  477 

Conns  (n  oone,  laU),  65.8.  663 

dormit<*r,  64^,  645 

Conversion  of  llme^one  into 
dolomite,  136 
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Conway  valley,  Bala  beds  in, 
448 

Conybeare  and  Phillips,  sec- 
tion of  Oolites  by,  J2113 
Coolroe  Hill,  Kilkenny,  sec- 
tion of,  iUil 

CoomholaOlen,  section  near, 
507 

grit,  500 

fossils  of,  509 

CopeiMKla  {heating  ftet\  370 
Copper  ore  in  beds,  350 
CoproUte  {dung  fossil),  187, 
509 

Coral  rag,  563,  578 

foreign  equivalents  of, 

591 

Coral  reefs,  clearness  of  water 
on,  114 

described,  130 

great  bulk  of,  132 

raised  in  Java  and 

Timor,  133 

deposits  derived  from, 

200 

joints  in,  217 

atolls  and  barriers 

prove  depression,  231 

great  antiquity 

of,  705 

Coral  sea  of  binders,  132 
Corals  containing  magnesia, 
130 

animals  of,  3S1 

palaeozoic,  described, 

4S8 

Comllien,  groupo,  590 
Coralline  Oolite,  578 

Crag,  007 

Comllioi>haga  {coral-eating) 
cyprinoldes,  609 
Corallium  {the  greek  name  for 
the  red  coral),  030 
Corax  {greek  name  for  a fish), 

m 

Corblcella  (a  very  little  basket, 
lat.),  594 

Corbicula  (a  very  little  basket, 
lat.)  Uuminalis,  085 
Corbis  (a  basket,  lat. ),  594 
Corbula  (a  little  basket,  lat.) 
pisum,  Og.,  045 

VectciKsis,  040 

Cordicrite  (after  M.  Coni  ter) 
passing  into  mica,  101 
Corfe  Dale,  section  across, 
468 

Cork  and  Kerry,  Carbonifer- 
ous slate  of,  510 
Cornbrasli,  56.3,  573 

fossils  of,  574 

foreign  e«iuivalents  of, 

591 

Corncockle  Moor,  fossil  foot- 
steps on,  547 
Comcan  {homy,  lat. ),  69 
ComiferouB  limestone,  503 
Cornish  and  Scotch  gninitcs 
compared  by  Mr.  Sorby,  95 
Comstone,  118.  145 
series,  496 


Comulltes  (little  horn  fossil, 
lat.),  488 

sorpularius,  475 

Cornwall,  granite  of,  newer 
than  that  of  Leicester,  313 

not  so  good  as  N.  of 

England  for  study  of  mine- 
ral veins,  366 

rocks  of,  491 

Coronarii  {crown-like,  lat.), 
628 

Corr6g5nus  {forehead  angle), 
398 

Corsican  “ granite  ’*  or  diorite, 
75 

Corundnm  {Korund,  Indian), 
32 

Corwen,  N.  Wales,  Carboni- 
ferous limestone  near,  296 
Corj’dalis  ( ? ),  586 

CorjTildte  (club-kind),  382 
CorJ^»hMon  (peak  tooth),  653 

eocajnus,  642 

Cosmohlpis  (elegant  scale),  595 
Cosmos,  artesian  wells  de- 
scribed in,  225 
Costeaning,  370 
Cotta,  Professor,  Ocsteins- 
lehre  of,  59 

on  dolcritc,  66 

Cotyledoncs  (wUh  cotyUdons), 
383 

Counter  lode,  370 
Country  or  ground,  in  mining, 
370 

Courtown,  limestone  at,  454 
Crania  (skull-like,  lat.),  381 

first  appearance  of, 461, 

165 

Ignaburgcnsis,  fig.,  616 

Parislensls,  617 

Cnuspedopoma  (fringe-lid  or 
opercxdum),  6^ 

Cmssntella  (a  little  thick  shell, 
lat.),  631 

sulcata,  fig.,  645 

Craters  of  ele\Tition,  335 
Crater  of  St.  Paul's  Island, 336 

of  the  Broino,  337 

Cratloe  Hills,  Llandovery 
rocks  of,  455 

CriipidOptCris  (Ripper  fern), 
535 

Crepidftla  (a  little  slipper, 
lat.),  653 

Cretaceous  clay  slate,  211 

scries,  overlaps  in  the, 

800 

period,  602 

rocks,  lie  and  position 

of,  in  England,  620 

clay  slate  in  Tierra  del 

Fuego,  624 

coal  beds  in  North 

America,  624 

rooks  metamoiphic  in 

mica  schist  and  gneiss,  710 
Creux  de  Morel,  crater  of,  347 
Crenzot,  artesian  well  at.  225 
CricacJinthus  (W?i(/  spine),  536 
CrlcopOra  (ring  pore),  594 


Crinoldea  (lily-kind),  380 
Crioedras  (ram's  horn),  628. 
631 

Duvalii,  609 

Cristellaria  (little  crest  kind, 
lat.),  594 

rotulata,  616 

Wethcrellii,  640 

Cristatl  (crested,  lat.),  628 
Croaglmu  Kinshcla,  granite 
of,  87 

Crocodiles,  663 
Croeodilia  (crocodiles),  378 
Crocodihis  (greek  name),  653 

chami>soides,  642 

Hnstingsise,  647 

Croghinarhln  be«ls,  494 
Cross  COU1-SC.S,  360, 370 
Crossoiiodia  (fringe  foot),  463, 
465.  490 

lata,  479 

Scoticn,  450 

Crotalocrinus  (castanei  lily), 
488 

njg08U.s,  474 

Crum,  Mr.  Walter,  on  alumi- 
na, 27 

Crumlin,  near  Dublin,  pieces 
of  granite  in  limestone  at, 
301 

Crustacea  (faring  crusty  cover- 
ing, lat.),  379 

Cruziana  (prop,  name)  senii- 
plicata,  tig.,  444,  464 
Crji)tocrinu8  (obscure  lily), 

330 

Cryi>t0don  (hidden  tooth),  613 

angulatnm,  fig.,  641 

Cryptogamia  (hidden  generor 
tion),  383 

Crj'ptomcrites  (hidden  part), 

594 

Crystallization  of  nnnerals,  50 

proof  of  fluidity,  50 

Crystals,  the  six  systems  of, 
21 

a.xes  of,  21 

meaning  of,  21 

derivative  fonns  of,  23 

holohedral  and  hemi- 

hetlral,  23 

Ctenacanthus  (comb  spine) 
brevis,  530 

Ctfinis  (of  a comb),  594 
Ctenodonta  (comb  tooth),  462, 
165.490 

Anglica,  477 

deltoidea,496 

F.astnori, 

lingualis,  469 

licvis,  446 

scmitruncatn,  449 

CtenOdus  (comb  tooth),  536 
Ctenoids  (comb-like),  378 
C’tenolCpis  (comb  scale),  595 
CtenophOra  (comb  carrying), 
881,489 

Ctenopty  chins  (co»i6  wrinkle), 
540 

CtenostomSta  (comb  mouthed), 

m 
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Cube,  faces,  edges,  and  angles 
of,  21 

derivative  fonns  of,  23 

Cuboidal  joints,  227 
Cucull«ia(n  Aowi,  lat.),  536 

costellntA,  607 

elongata,  538 

llbrosn,  lil2 

Hnnlingii,  «g.,  508 

obloiiga,  588 

. tnipeziuin,  500 

Cucullela  (a  lUtU  A<x)cl,  lat.), 
405,  400 

Anglica,  446 

Cawdori,  477 

Cuma  ( * cyma,  a wat'e),  653 
Cumberland,  Cambro  - Silu- 
rians of,  453 

Upper  Silurians  of,  482 

boulders  from,  673 

Cupanoides  (cupania-Uke),6bS 
Cupressocrinus  {cypress  f lily), 
5.'0> 

(\vprc88us  (cypress,  lat),  5ty 
Curculloides  (weevil  like,  lat. 
and  gr.),  536 

Curragh  of  Kildare,  gravel  of, 
675 

Current  round  8.  Africa,  114 

among  coral  reefs,  132 

causing  oblique  lami- 
nation, ISO 

mark  or  ripple,  191 

Cursores  (rajincrs,  lat.),  377 
Curtopotns  (short  Itack,  lat. 
and  gr.),  508 

elupns,  ftg.,  503 

Cuvier’s  uivisions  of  animal 
kingdom.  376 

Cyathaxonla  (aip  axis),  477, 
487,  540 

Cyathlna  (cup-kind)  Bower- 
bankii,  IMlO 

Cyathocrlnus  (enp  lilyX  488, 
547 

gv^nhxlactlflus,  474 

tabuiatus,  530 

Cvathophyllum  (cup  lea/), 
437,540 

aiigustum,  463 

espspitosum,  500,  502 

mitratum,  531 

CvathOidiOra  (aip  - bearing), 
534  . 632 

Cj’bele  (the  mother  of  the  gods), 
461,  41^  465 

Cycmlebidfa  (cwoas-?tA~<),  594 

megaphylla,  586 

microphylla,  fig.,  5S7 

Cyclartlirus (round  joint),  595 
Cyclas  (a  circle,  from  thegr.), 
653 

Cyclobranoblata  (circle^  ilfrd), 
380  ' 

C\'clocladia  (round  branch), 
*535 

CyclocvJUhus  (round  cup), 
630  ‘ 

Fittoni,  603 

Cycloids  (circle-like),  378 
CycloUthua  (round  stone),  630 


Cyclonema(drcZ«  thread),  i62, 
465,  400 

corallii,  477  ; fig. , 473 

quadristriatum,  469 

nipestre,  450 

CyclopWris  (round  fern),  535. 
576.  600 

Hil)emicus,  408 

Cyclosfris  (round  entlire),  630 
Cyclostigma  (circle  dot),  498, 
509 

minutum,  fig.,  493 

CycIost6ma  (round  mouth), 
653 

CyclostAmSta  (round  vumth- 
ed),  381 

Cycles  (a  circle),  536 
Cylindrites  (cylinder  stone), 
536 

acutus,  572 

C>Ti5<lon  (dog  tooth),  654 
CYperites  (cypress  fossil),  535 
Cyiihasi»is  (incurved  shield), 
463.  465.  430 

pygmaius,  475 

C\q)hastr.fca  (airred  star),  630 
Cyphon  ( ),  535 

Cyphoniscua  (curved  wood- 
louse), 465 

Cyphosoma  (gibbous  botly), 

631 

Cypris  (name  of  an  island  and 
of  Venus),  536 

Cypnea  (a  name  of  Venus), 

(’>.53,  663 

ovifomiis,  642 

Cj'pridca  (like  a cypris),  535 

faaciculnta,  587 

Purbeckensis,  687 

tubercixlata,  587 

Valdensis,  fig.,  606 

Cjiirldina  (like  a cypridcea), 
540 

serrato-striata,  503 

schiefer,  502 

Cyi'rina  (a  name  of  Venus), 
504 

rustica,  663 

Cyreua  ( from  Ctfrtne  the 
daughter  of  Peneus,  or  the 
country  in  Africa),  594 

cuneiforniis,  fig.,  641 

consobrina,  6S6 

elun^ta,  fig.,  587 

fluminnlis,  ng.  687 

major,  605 

media,  fig.,  600 

l)ulcbra.  fig.,  649 

trigonuia,  685 

Cyrtia  ( 1.  552.  561 

Cyrtoceras  (eurre  horn),  462, 
165.  552.  561 

approxirnatum,  fig., 

470 

— Vemeuillianuin,  523 

Cyst  idea  (bladdcr-kitid),  380, 
463 

Cythenea  (name  of  V'emis) 
parv’a,  608 

Cy  there  (name  of  Venus' 
Island),  530 


Cytliereidea  (like  a CythcreX 
631 

Cytherella  (a  little  CytAZrxX 

631 

Cythercis(b«Zonj(a{;fo  VshwsX 

631 

CythcropsU  (Cythirt-looking), 
465 


Dachstein  beds,  552 
Dactylosmilia  (finger  l-ni/e), 
630 

Dadoxylon  (torch  wood),  533 
Dalkey,  guelssoso  granite 
near,  91 

Daliiianites  (ntlcr  il-Dalm^tn), 
503 

Dammarites  (Dammam  pi  me 
fossil),  534 

Fittoni,  586 

Damcx>dah,  coal  field  of,  533 
Danien,  ct^e,  623 
Danube,  matter  suspemled  in, 
111 

Dapddlus  (pavenitnt-likeX 

politus,  568 

D’Archlac.  Uistoire  des  Pro- 
gres  de  la  Geologic,  by,  5U 

oil  contraction  of 

granite,  36 

on  M.  Gaudry’a  disco- 
veries ill  Greece,  6*V>.  71« 
Dartnii  tilth  slate  group,  500 
Darwin  on  coral  reefs,  130 

cleavage  in  S.  America, 

269 

foliation  In  S.  America, 

273 

time  nniuired  for  de- 
nudation of  weald,  290 

on  volcanoes  anti  coral 

reefs,  344 

on  volcanic  Islanda, 

346 

Porto  PraTO  349 

N.aturali8rs  Jounialof, 

333 

on  origin  of  siteciea, 

397.  417 

on  Cretaceous  rocks  trf 

S.  America,  624 

fossil  animals  brought 

from  S.  America  by,  697 
Dasmia  (in  jHtrtiiions),  65S 

acuta,  640 

Dasypus  (hairy  footX  336 
Dnsytirus  (Aairy  tailX  396 

^ ursinus,  638 

Daubeny  on  volcanoes,  53, 
64,  342 

I).4uk8  (or  douks),  122 
Davis,  Mr.,  on  lingula  flagrs, 
443 

Davy,  Sir  IL,  on  origin  of 
volcanic  action,  342 
Dawson,  Dr.,  on  Nova  Scotia, 
531  - 

Dayman,  Captain.  R.N.,  on 
Deep  Sea  siUindings;  I2?i 
“ Deads  " (mining  km;,  370 
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Decomposition,  • method  of, 
U 

“Deep  Sea  Soundings"  by 
Captain  Dayman,  R.N., 
Dis 

Detluitc  proportion,  law  of, 

Deinomis  (awful  bird)  elc- 
phantcipus.  tiSS 

gig^tens,  flg. , M3 

Deinosnuria  (awful  lizards), 
r>!<S.  1113 

Deinotherium  (awfxd  hetist), 
664.  6M 

mganteum,  663 

Indiemu,  663 

Deiphon  ( ? ),  48S 

Dola  Beche,  Sir  XL  T.,Oeolo- 
cal  Manual  of,  101 

on  aerial  rocks,  154 

on  mineral  veins,  350 

on  Tilestone,  476 

on  glacial  grooving  on 

Mount  Gabiiel,  630 
Delcsse,  M.,  on  kersantite, 
T8 

on  curitc,  SO 

on  contraction  of  Igne- 
ous rocks,  06 

Delphinula  (a  little  dolphin, 
hit.),  505 

Delphlnus  (a  dolphin,  lat.), 
664 

Deltas  of  brooks  inside  Mur- 
rough  of  Wicklow,  100 

formation  of,  HI 

— a fossil  one,  in  the 

Wealden  beds,  664 
Delthyria,  shaly  limestone, 

DomeoiiOra  ( ),  681 

Denbigiishire  sandstone,  467 

Upper  Silurian  rocks 

of,  481 

Dendrftdus  (tree  tooth),  467 
Dendrophyllia  (tree  leaf),  653 
Deutulina  (tooth~like,  lat.), 

547 

acuta,  640 

gracilis,  616 

Deutalium  (tooth -like,  lat.), 
536 

. — ellipticum,  610 

striatum,  flg. , 646 

Dentati  (toothed,  lat.),  628 
Denudation,  273 

- is  [>ro<luction  of  new 
surfaces,  280 

is  only  producer  of 

valleys,  283 

instances  of,  in  Ireland, 

285 

of  mountains,  288 

proved  by  undulating 

l)cd8  under  plains,  280 

of  Weald, time  requirwl 

for,  200 

marine  and  snbaerial 

of  Eifel,  290 

diflorent  periods  of. 


Denudation  must  precede  un- 
confonnability,  293 

of  granite,  previous  to 

Old  Red  sandstone,  297 
Involves  existence  of 


drj'  land,  298 

of  granite  at  different 


perioiLs,  313 

of  Eocene  rocks  over 


Salisbur}'  I’luin,  635 

during  Pleistocene  pe- 


riod, was  not  great.  632 
Dependence  of  geology  on 
other  sciences,  3 
DeiMfsition  of  rock  excep- 
tional, 183 

result  of  destruction 


of  other  rocks,  219 
of  minerals  in  veins. 


359 

Depression  of  land,  proved  by 
coral  reefs,  231 

of  Co.  Dublin,  during 

Carboniferous  period,  366 
of  British  Island,  re- 
cent, 686 

Depth  of  a bed,  mode  of  dc- 
tennining,  236 

and  thickness  table, 

715 

Diubyshire,  lead  veins  of, 
357.  365 

toadstone  of,  523 

Dercetis  (Syrian  god,  a mcr- 
man),  631 

Derivative  rocks,  52 
Derrymore  Glen,  Co.  Kerry, 

495 

Antrim,  Rhietic  beds 

of,  555 

Descent  of  species,  explains 
l»al«*ontological  laws,  419 
Deserts  of  Sahara  and  Austra- 
lia, 155 

Deslongcluunpsia  (after  M. 

Dezlongchamp),  5M 
Desmine  ( ).  44.  4S 

Desnoyers,  M.,  on  flint  im- 
plements, 700 
Destruction  of  species,  390 
Detenninatiou  of  rocks,  mc- 
thotl  of,  54 

Detritus  brought  down  by 
rivers,  HI 

Devil's  Bit  Mountain,  section 
of.  288 

Devil’s  Glen,  slate  from.  265 
Deville,  M.,  on  contraction  of 
igneous  rocks,  96 
Devilrlllcatlon  (unglassing, 
lat.),  27 

Devon  and  Cornwall,  rocks  of, 
499.  516 

Devonian  i»criod,  491, 501 

imperfect  record  of, 

548 

Dlaba.se  (a  passage),  77 
Diadciua  Bennettia*,  613 

serial  is,  568 

DiaUage  (difference,  i.e.,  in 
ckavagt),  37 


Diallage  rock,  75 
Diameters  of  the  earth,  221 
Diamond  conglomerate,  593 
Diastoin’ua  (interval  ]>ore), 
465 

Dibranchiata  (two  gill  kind), 
380 

Diceras  (tu'o  horn),  594,  631. 

Londsdiilei,  608 

DicerAtes,  calcaire  a,  623 
Dlchobflue  (cleft  hillock),  653, 
663 

cer>'inum,  650 

Dicliocrinus  (tv:ofold  lily),  536 
DicbOdon  (s^dit  tooth), 

cuspidatus,  647 

Dichograpsus  (split  pen),  465 
Dicotyles  (two  navels),  396 
607 

Dicty6cha  (net  car),  382 
Dictyonema  (net  thread),  465 

sociale,  flg.,  444 

Dlctyophylluju  (tut  leaf),  559 
DicymMou  (two  canine  teeth), 
560 

Didelphis  (two  wombs),  396. 
653 

Colchesteri,  642 

Didus  ineptus  699 
Didj^mograpsus  (twin  jwn), 
459,  465 

cailuccus,  449 

Murohisunii,  flg.,  446, 

454 

Difference  between  lamina 
and  beds,  178 

cleavage  and  folia- 
tion, 274 

.surface  and  inside 

of  lava  streams,  334 

di.stribution  of  heat  in 

air  and  ocean,  386 
Difllculty  of  detenninlng  con- 
temporaneity of  distant  for- 
mations, 407 

DiktdocephAlus  (?  dikelece- 

Ithalns,  tufo  lump  head,or  di- 
:elluccphalus  shovel  head), 
457 

Dlinerocrinus  (bipartite  lily), 
448 

Dimorphastra'a  (two  form 
star),  630 

Dimorphic  substances,  26 
Dimon»hism  (double  form) 
24 

Dimpled  current  mark,  192 
Dingle  promontory,  oblique 
lamihatlon  in,  1^ 

Upper  Silurian  in, 

483 

beds,  483,  494 

Diuoniis  (see  Deinomis) 
Dlno.sanria  (see  Deinosauria) 
Dinotheriuiu  (see  Deinothe- 
rium) 

Dinu-ia  (dwelling  ajtart),  380 
DiOrlte  (division  or  boun- 
dary). 74 

Dip  and  strike  of  beds,  233 
Dip  table,  713 
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Diphelia  (ilouble  sun),  ikiS 
Dipluctenium  (double  comb), 

tm 

Dlplcicidiris  (double  turban), 
595 

Diplodonta  (double  tooth),  653 
Dipl<*»du8  (double  tooth),  5^ 

gibM)su8,  fig. , 529 

Diplograpsus  (double  pen), 
460,  46.') 

bullatns,  449 

foliacouH,  445 

prifitls,  453 

acxtans,  453 

toretriusculua,  453 

DiploidCruu  (ilouble  .fin),  406, 
540 

Diploria  ( ),  630 

DipnOi  (luH)  spiracles),  313 
Dipriacanthus  (Uco  ? 

sjdne),  636 

DiprotOdou  (two  first  teeth), 
6!>7 

Dipt?ra  (ttpo  wings,  insects), 
379,  595 

Dlpteronotua  (two  fin  bacl'), 
559.  560 

cyphuB,  fig. , 556 

Diptenis  (two  fin,  fish),  496 
Direction  of  cleavage  planes, 
•267 

Dirt-beds  of  Purbeck  rocks, 
6S5.  625 

Disciua  (a  little  disc),  461, 
465 

Forlicsii,  472 

nitida,  6^ 

punctata,  449 

nigata,  477 

spelnncaria,  542 

striata,  477 

Discocyitlms  (disc  cup),  394 
Discuidea  (disc-like),  631 

cylinilrica,  618 

BubucilUiB,  613 

DiscophOra  (<lisc-bearing),S^ 
DiscopOra  (disc  pore),  437 

untiepm,  412 

Dislocations  or  faults,  245 
Disiwrsion  of  disturbing  force 
in  crust  of  earth,  349 
Distant  fonnations,  difficult 
to  determine  contempo- 
raneity of,  407 

Disthene  (double  strength) 
rock,  79 

Distinction  between  contem- 
poraneous and  intrusive 
trap,  322 

Distribution  of  animals  and 
plants,  334 

of  volcanoes,  706 

Disturbance  in  earth’s  crust, 
221 

twofold  action  of,  232 

repetition  of,  in  same 

8i>ot,  2^ 

great,  cannot  reach 

the  earth’s  surface,  343 
DithjTocriris  (double  door 
shrimp),  465,  540 


Dithyrociris  orbicularis,  530 
Ditnipa  (?  ditrgpa,  two  holes), 
653 

Dixon’s  Fossils  of  Sussex,  645 
Djouce  mountain,  section  of, 
311 

Dodman,  Cambro-Silurlans 
near  tlie,  500 
Dmlo,  extinction  of,  394 
Dolabra  (a  chipping  axe),  4S7, 
540 

securifomiis,  509 

Dolfrite  (deceptive),  65 
Dolerites  and  trachytes,  as- 
sociation of,  340 
Dollchosaum^/cnsr/Ziy  lizard), 
631 

longicollls,  618 

Dolium  (a  cask),  ^ 

Dol5mitc  (after  M.  Dolomieu), 
84,  147,  167 

Dome-shaped  elevations,  242 

never  so  symme 

trical  as  volcanic  coues,  and 
alwaj’s  shewn  in  conse- 
quence of  denudation,  347 
' Domite  (from  Puy  de  I^me), 
62 

Domop5ra  (house  ? port),  631 
Donabate,01d  Red  sandstone, 
at,  301 

Donnybrook  quarry,  beds 
ending  in,  182 

D’Orbigny,  M.,  on  shells  of 
op|w>site  coasts  of  S,  Ame- 
riciv,  392 

on  thickness  of  Neoco- 

niion,  623 

on  Eocene  1>eda,  652 

Dorcatherium  (iriW  goat  beast), 
662 

Dorsetshire,  oolites  of, 

562 

Downthrow  of  fault,  245 

rule  as  to,  245 

Downton  Castle  stone,  476 
Dmceina,  630 

Dreyssena  (after  Dr.  Dreys- 
sen),  653 

Drew,  Mr.  F.,  on  Wealden 
lieds,  604 
Drift,  672 

gravels  of  various  ages, 

672 

probable  denudation 

of,  677 

mound  of  Curragh  of 

Kildare,  687 

mounds,  near  passes 

on  w’atorsheds,  682 
Droitwich,  brine  springs  of, 
554 

Draid  strmes,  639 
Dmsy  cavities,  147 
Dry  land,  existence  of,  proved 
by  denudation,  29$ 
Drj'opithecus  (tree  aju>),  664 
Dublm  County,  geological 
map  of,  302 

structure  of,  800 

esker  near,  633 


Dudley,  limestone  tt,  471 
dome-shaped  eleva- 
tions near.  347 

Dufreshoy,  M.,  on  craters  <rf 
elevation,  S15 

geological  map  of 

France  by,  591 

Dukinfield  coal  mine,  tem- 
perature in,  224 

depth  of,  520 

Dumont,  M.,  on  Belgian  De- 
vonian rocks,  5Q2 
on  Belgian  Carbonife- 
rous rocks,  5.^0 

on  Belgian  Eocene<s,650 

Dungan’an, mammoth's  l>o&es 
at,  695 

Dunmnil  Raise,  drift  mounds 
of,  682 

Du  Nuyer,  Mr. , sketch  at  Don- 
nybrook by,  132 

on  oblique  lamination, 

by,  190 

section  at  Old  Leigh- 

lin  by,  2^ 

sketch  near  Mallow 

by,  208 

sketch  at  Killinev  by, 

209 

sketch  near  RinuJe 

by,  237 

sketch  of  contortions 

by,  238 

sketch  of  granite  veins 

by,  314 

boulder  measured  l*v, 

676 

Dura  Den,  fo.ssil  fi.sh  at,  496 
Duration  of  si>ccie8  propor- 
tionate to  their  place  in 
scale  of  animals,  412 
Duiocher,  comparative  pe- 
trology by,  59 

on  felstone,  70 

supi>osition  of  two 

magmas  uy,  340 
Dykes  of  trap,  820 

of  Lava,  338 

in  Antrim.  660 

D5’saster(5od  star)  ringens,570 


Eagle  Hawk  Neck,  tesse- 
lated  pavement  iit,  218 
Earls  Hill  collierj-,  Tipperary, 
3U 

Earth  cnist,  causes  exciting 
action  below,  227 

crust  movements  of,  in 

recent  times,  229 
Earthquakes,  elevation  or  de- 
pression of  land  during,  210 

external  symptoms  of 

deep-seated  force,  335 

catal(«ne  of,  708 

EcculioinpMnis  (unrolled 
navel),  4<i2,  465,  499 

herts,  477 

Echidna  (in  gr.  and  lot.  <1 
means  a vijier,  here  meoiu 
spiny),  396 
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Echinidca  (spiny,  nrchin- 
kind),  380 

Echiiiobmsus  (Itco  gr.  names 
for  a sea  urchin),  .*>95,  63*2 
EchinocyimtiH  (prickly  bean) 
pusillUH,  fig.,  670 
Echinodcriui'Ua  (j^rickly  skin- 
ned), 380 

Echiiio  - encrinites  (urchin 
lily  fossil),  488 

ariniltUH,  474 

Echinosph®ritcH  (prickly  ball 
fossil),  463,  465 

anmntium,  fig.,  450 

BaltioiH,  450 

Echinus  (spiny,  gr.  name  for 
a»  urchin), 

gmmilosuB,  fig.,  612 

iMTlntus,  570,  .588 

VS’ooilwaixlii,  fig.,  6C8 

E<rl5gite  (select),  76,  18 
EdAphotlon  (iKivement  tooth), 
631.  657 

Bucklandi,  647 

Etlenderrj*,  oolite  in  Carboni- 
ferous limestone  near,  142 
Edcntilta  (toothless,  lut.  1, 317 
£<lge,  Mr.,  on  reversed  fault 
in  Queen’s  County,  258 
Edinondia  (after  M.  Edmond), 
536 

Edriasterlda  (seated  star  kind), 
properly  hedriastcrida,  380 
Edriophtliulniia  (seated  eyed), 
profierly  hednuphthalniia, 

370 

Edwards',  M.  Milne,  Ilistolre 
des  Cnistae^es,  3M 

on  eocene  Tnollus(*a,649 

Egerton,  Sir  P.  de  M.  G.,  on 
fossil  fish,  555 

Eggs,  fossil  gignntic.in  Mada- 
gascar, 608 

E^-pt,  nuiuiuulitic  rock.s  of, 

6.52 

Ehreuberg  on  infusoria,  134 
Eifel,  marine  and  subacrial 
denudation  of,  201 

niaars  in,  347 

mountains  of,  S5Q 

limestone,  50*2,  504 

Elasmobranchii  (laminated 
gills),  378 

Elasmoca-nia  (laminated  ccc- 
nia),  630 

Elasm6dus  (laminatetl  tooth), 
653 

Elilter  (a  driver),  505 
Ell>e,  R.,  mineral  matter  in, 
111 

Electric  state  of  bodies,  14 
Elementary  bodies,  list  of,  13 
EW'lilias,  6^ 

antiqiiu.H,  6S.8. 602 

meridionalis,  602 

primlgenius,  688.  604, 

606 ; fig.,  603 

priscus,  602 

Elevation  of  laud,  general  or 
loc4il,  232 

of  volcanic  Islands,  344 


Elevation  of  volcanic  islands 
relieved  by  cniption  of  ig- 
neous rocks,  345 

of  volcanic  island.s  not 

accompanied  by  disturb- 
ance, 346 

Elie  de  Beaumont  on  craters 
of  elevation,  335 

on  mountain  chains, 

353 

geological  map  of 

France,  501 

Ellipsocephftlus  (oblong  head), 
455.  465 

depressus,  443 

Elvanite,  00 

Elvuns  of  Coniwall,  ^ 316 
Emargimiln  (a  little  notch, 
lat.),  505,  610 

Emery  (from  Cape  Emeri  in 
island  Naros),  32 
Emlv  ridge,  county  Tipperarj*, 
286 

Emmons,  Dr.,  American 
geology,  181 

on  Taconic  system, 

438,  457 

Euiys  (fresh  n-ater  tortoise, 
Aristotle),  653 

Euallhella  (inverse  sun),  504, 
652 

Enallocrinus  (Initrse  lily\AiiS 
EnchiVlus  (spear  tooth).  Ml 
Encrinal  limestone,  484 
Encrinites,  generations  of, 
growing  between  bed  and 
iMjd,  ISl 

Encrinfinis  (lily  tail),  463, 
465.  400 

puiictfituB,  470 

variolaris,  475 

Eucrinua  (single  lily),  559, 
500 

liliifomiis,  fig.,  550 

“ End  ’’  of  coal,  212 
Endogenites  (endogen  fossil), 
63*2 

erosa,  fig.,  606 

Endogens  (inside  growers), 
383 

Enoploclj*tia  (in  arms  illustri- 
ous), 631 

8us.scxiensis,  618 

EntalophOra  (utithin  salt  car- 
rying), 631 

Entoniocuiichus  (cut  up  shell), 
536 

Eocaine  (dawn  of  recent)  rocks 
denuded  from  L of  Wight, 
348 

periml,  633 

beds,  position  of,  in 

England,  634 

unconfonnable  to 

Chalk,  635 

former  extension  of, 

035 

Epldotc  (increase,  from  growth 
of  crystals),  41 

Epoclis  of  geological  time, 
430 


Equatorial  protuberance  of 
earth,  221 

Equisetites  (horse-hair  fossil, 
lat  ),540,  576 

Brodiiei,  565 

Equisetum  (horse-ha  (r)  colnm- 
nare,  571 

Lyellii,  605 

Equivalent  numljers,  14 
E(iuus  (horse,  lat.), 

fossilis,  604 

plicldens,  693 

Krismacanthus  (discord  f 
spine),  536 

Ennled  surface  of  Carbonifer- 
ous rocks  under  New  Red 
sandstone,  and  of  Cluilk 
under  Basalt,  near  Belfast, 
661 

Erosion  conteinp<)mncoiis,103 

of  rock  along  Joints, 

210 

amount  of,  equal  to 

tiiat  of  deisisition,  270 

chief  priMluccr  of  form 

of  ground,  281 

only  producer  of  val- 
leys, 283,  350 

Erosive  agencies  underrated, 
278 

Eiratic  blocks,  672 
Eruption  of  igneous  rocks  re- 
lieves force  of  elevation,  345 
Eniptive  rocks,  53 
Eryon  ( jtrop.  name),  505 
Escarimients,  resiUt  of  ero- 
sion, 283 

Escli5ra  (a  scab),  631 

Brougniarti,  640 

Eschnrina  (scab  like).  487 
Esclier,  M.,  of  Zurich,  523 

on  St.  Cossian  1k-<Is.552 

Esclioltz  Bay,  fossil  bones 
at,  604 

Eskera,  672,  682 

general  form  of,  683 

Estherla  (garment  like?),  595 

membranaciia,  605 

miiiuta,  551,  556 

Etna,  lava  dykes  about,  338 

age  of,  lOI 

Eucalyptocrinus  (well  hidden 
lily),  488 

decorus,  474 

Eucb^X'h<^  (j>erfect  elephant), 
665 

Eugnatlius  (goeuljnw),  505 
Euiiclia(/fKC  sun),  504 
Eullma  (guitc  smooth),  536 
EuompliAlus  (perfect  navel), 
465.  552,  561 

carinAtus,  477 

Comdensis,  446 

■ discors,  fig.,  473  • 

funntus,  473 

pentagonalls,  fig.,  527 

Pennianns,  544 

pnenuntlus,  469 

rugostis,  473 

EupatAgus  (often  thumping), 
653 
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EnpatA^^s  IlaHtingsiip,  547 
Euphutiile  Q/rillant  ?),  75 
Eurite  ( ? ), 

veins  of,  near  Dublin, 

ai5 

Eurj'frnAthus  {broad  jaw),  653 
Eurjnotus  (hroaii  b<tck),  536 
Eurj’fK-rlnus  (broad  iQy),  536 
EurjTteridse  (the  broad 
witujol),  379 

Eun'i>t«’rus (broiwf  winn),  488, 
4fH),  498 

abbreviatus,  479 

acumiimtus,  430 

linearis,  430 

niegalops,  480 

pyKma*u.s,  480 

Enrj'therium  (broad  beast), 
654 

E^’nus,  Mr.  F.  J.,  R.N.,  de- 
tennination  of  height  of 
Peak  of  Lorn  bock  by,  333 

chart  of  8t.  Paul’s  by, 

336 

Mr.  J.,  on  flint  imple- 
ments in  the  drift,  TOO 
Everest,  Mount, highest  moun- 
taiu  in  world,  333 
Examples  of  geograi»hical 
limitations  of  s]>ecU‘8,  393 
Ex ’'gens  (o/titsuU  <7roH'crs),363 
Exogyra  (out  twisting),  [iM 

coiural>a,  fig.,  613 

eonica,  617 

nana,  M9 

sinuata,  flg.,  608 

\*irg01a,  fig.,  582 

Exidnnatiuu  of  mining  terms, 
370 

Extent  and  termination  of 
beils,  185 

and  composition  of 

beds,  relation  l>etween,  188 
Extinct  animals,  intermediate 
b«?twcen  existing  species, 
C66 

in  Australia,  607 

conU'-mporoncouB  with 

man,  703 

Extinction  of  species,  local  or 
total,  390 

gradual,  412 

Extmerinus  (extra  f lily\  525 
Briarcus,  fig.,  5(^ 


Face  or  cleat  of  coal,  153, 212 

of  a (luarry,  213 

Facherhuc,  minute  volcano 
of.  291 

Fairbaim,  Mr.,  on  tomjiera- 
ture.  of  deep  mine  at  Du- 
kenfield,  334 

Falciferi  (scythe-carriers,  lat.), 

628 

Falconer,  Dr.,  on  Purbeck 
mammals,  416 

on  Pleicoccno  and 

Pleistocene  mammals,  620 

on  Sewalik  fossils,  663 

on  Proboscidea,  664 


Faltmlen,  ct^e,  652 

superieur,  662 

Faluns  of  Touraine,  662 

fi>8sil  shells  of,  663 

Fau-shai>ed  arrangement  of 
cleavage  planes,  270 
Farlow’,  pterichthys  found  at, 
408 

Fairingdon,  Greensand  of, 
619 

Fasciolaria  (band-like  shell, 
lat.),  610,  653 

Faults,  or  dislocations,  245 
with  or  without  dis- 
tortion, 247 

vary  according  to  their 

own  numl)ers,  inclinations, 
and  combinations,  352 

along  strike,  253 

with  lateral  branches, 

256 

inclination  of,  257 

never  makes  acute 

angle  with  same  bed  on 
both  sides,  259 

connection  between 

contortions  amf,  262 

and  igneous  rocks, 

connection  between,  263 

vertical  extension  of, 

263 

not  cause<l  bv  Intm- 

sion  of  igneous  rocks,  3i^ 

and  lodes,  connection 

of,  353 

large  in  North  Wales, 

448 

Fava  (honey-comb  like,  lat.X 
•:  504 

Favosites  (hnney-comb  stone, 
lat.),  405,  540 

alvcolnris,  461 

Gothlandica,  471 

poljnnon>ha,  502 

Faxoe  lieiU,  6u3 
Pokes  or  feakes,  122 
Feldspar  ( fieldsjxir,  Ger. ; not 
from  *fe'ls’  a rock),  43 

glassy,  44 

Foldsiwirs  summarisisl,  47 

basis  of  all  iipieous 

rock,  57 

Feldspathic  ash,  80 
Felis  (caty  lat.)  pardinensls, 
693 

pardoides,  670 

8pela?a,  6t^ 

Fclstone,  60 

pori'hjTT,  72 

])rismatic  Jointing  of, 

214 

cleavage  of,  266 

trap  bods,  821 

and  greenstone,  asso- 
ciation of,  328 

Fenestrella  (a  little  window, 
lat.),  465,  487,  547 

antiqua,  507,  526 

capinaris^  440 

Lonsdalei,  472 

retifonuls,  fig.,  544 


Ferriters  Cove,  W enlt>ck 

rocks  of,  483 

beds,  494 

Filicites  (/ern /ossiZ,  lat  ) He- 
bridicus,  fig. , 659 
Filling  up.  contenii)orant-otis 
erosion  and,  193 
Fimbriati  (fringed,  lat. ),  62S 
Fingal’s  Cave,  Imsalt  of,  3S1 
Fire  damiK  140,  370 
Firestone.  611 

Fish  of  North  Atlantic,  Umi- 
tntion  of,  303 

Fisher,  Rev.  W.,  on  Purbeck 
be<Is,  586 

Fishes  browsing  on  coral 
reefs,  131 

Fissurella  (a  Utile  /Issarr, 
lat.X  663 

Fissures  in  first  forma- 
tion of,  descrilted  l»y  Dr. 
TjTidall,  246 

Fistulii>6ra  (pijj«  vort,  lat  X 
487.  536.  547 

Flabellaria  (fan-kind,  lat-X 
585.  657 

Lamononis,  64 S 

Flal>ollina(/a»-Ztl,v,  lat.),  594, 

Flabellum  (fan,  lat.)  WockUI, 
668 

Flagstone,  120 

Flanagan,  the  late  Mr.  James, 
436 

Llandeilo  fossils  ctfl- 

lected  by,  in  County  Meath, 
454 

“ Flats,”  veins  so  called,  3i3 
coal  series  of  Mid- 
lothian, 522 

Flexuosi  (Jleruons,  lat.),  62S 
Flint,  32 

forming  from  siliceous 

organisms  in  bed  of  Atlan- 
tic, 120 

and  chert,  143 

implements  in  drift, 

669 

instruments  described, 

163 

“Floor"  or  “bed"  of  a 
quarrj*,  213 

Fluoan  (rein-miners'  tem\ 
370 

Fluidity  of  centre  of  earth, 
226 

Flnstra  (the  calm  state  of  the 
sea,  Ist.X  631 

cras-sa,  640 

Fly,  U.M.8..  voyage  of.  181 
Flysch,  652 
Foetid  liiiicstone,  145 
Foliation,  168.  372 

different  fr»iin  rlt-av- 

age,  274 

produced  by  intrusion 

of  granite,  275 

of  Leinster  district,  275 

Fontainebleau,  gres  tie,  6^1 
Food,  to  be  Included  in  cli- 
mate, 389 
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Foot,  Mr.  F.  J.,  on  joints  of 
County  Clare,  211 

on  columnar  felstone, 

211 

on  coast  of  Clare,  22Q 

on  County  Clare,  M2 

“ Footwall  ” of  a vein,  H70 
Foraniiuifom  {hole -hearing, 

lat),  funning  limestone, 
128 

some  s])oclo3  the  old- 
est of  existing  species,  413 

*>f  Chalk,  1123 

Forbe.s,  Mr.  D.,  on  Andes, 
340 

on  oolitic  rocks  of 

Andes,  M2 

Forlies,  rrindi»a]  James,  on 
glaciers,  1I14 

on  colour  of  water, 

115 

Forbes,  Professor  E.,  notion 
of  structure  of  Arthur’s 
8«mt,  331 

and  Bristow  on  Isle 

of  Wight,  848 

Zones  of  marine  life, 

385 

provinces  of  marine 

life,  31i2 

— — ■ on  generic  areas,  301 

proposed  Neozoic,  in- 

stoml  (>f  3fosozoic  and 
Kainozoic,  431 

on  Oblhamia,  438 

iK'lieved  Lower  Silu- 
rian univalves  to  lie  oceanic, 
482 

on  freshwater  shell  of 

Old  Red  sandstone,  408 

on  Purbeck  beds,  585 

and  Bristow  on  ter- 

tiaries  of  Isle  of  Wight, 

on  tertiary  ecMiioder- 

raata,  641 

u])iMjr  Eocene  bods  by, 

631 

■ on  leaf  beds  of  He- 
brides, C59 

on  drift  shells  in  Ire- 

laml,  675 

Forest  marble,  663,  578 
Forest  of  Dean  cool-fleld, 
“horse”  in,  134 

CarlKiniferous  rocks 

of,  518 

Form,  laws  of,  21 

of  earth,  221 

of  ground,  is  a sculp- 
tured one,  281 

of  voliyiiilc  rocks,  332 

Forms,  specidc,  once  extinct, 
never  reappear,  413 
Formations  change  lithologi- 
cal (.'haracters  while  ro- 
taiuing  the  same  names, 
423 

Fossil,  definition  of,  373 
animals  more  nu- 
merous than  vegetaliles, 
40Q 


Fossil  chiefly  remains  of 
aquatic  ailimals,  461 
vary  according  to  na- 
ture of  rock,  as  well  as  ac- 
cording to  its  periixi  of 
fonnation,  464 

peculiar  to  groups  of 

beds,  410 

variation  of,  in  series 

of  beds,  possibly  result  of 
gradual  change  in  species, 
413 

from  arctic  regions, 

421" 

' ■ practical  Importance 
of,  422 

of  Ulipcr  and  Lower 

Biluriou  comfiarcd,  4S6 
of  lower  Coal-mea- 
sures, 514 

man  of  Guadaloupc, 

700 

Four  great  classes  of  rocks,  54 

actions  alwaysatwork 

on  globe,  763 

Fox,  Mr.  W.,  electricity  in 
veins,  361 

France,  Carboniferous  rocks 
of,  531 

geological  maps  of,  531 

Eocene  beds  of,  653 

Meioccne  of,  662 

Oolitic  rocks  of,  581 

Freagh  Hill,  Kilkenny  coun- 
ty, section  of,  236 
Freestone,  120,  568 
Frenelites,  653 
Freshwater  limestone  de- 
seribed,  143 

shells  of  Wealden 

period,  625 
Fringing  reefs,  130 
Frondicularia,  032,  657 
Fuchsitc  (after  Prof,  thichee), 
45 

Fuller’s  earth  (an  iulier),  201, 
603,  570 

Fundamental  gneiss  of  Sir  R. 
Murchison,  432 

granite,  301 

Fusibility  of  rocks  in  Inverse 
ratio  to  their  density,  87 
Fusus  (a  spindle,  lat.),  595, 
619 

antiipiUH,  6>>9,  688 

Damflus,  688 

eontrarius,  669.  675 

F'abrieil,  tijg. , 667 

islnndicus,  6M 

longffivus,  flg.,  645 

quadricostatus,  664 

sealariforrais,  Ug.,  087 

Oabiiro,  75 

OalapAgos  Islands,  plants  of, 

332 

different  birds  of, 

333 

Qaleopithecini  (iceasei  or  c<it 
monkeys),  376 

Galcrites  (hat  fossil),  616,  031 

2 I 2 


Gallianl,  120 
GalUnx  (poultry,  lat.),  877 
Gully  31ouijtuiii»,  denudation 
of,  288 

structure  of,  325 

Galway,  Llandovery  rocks 
of,  483 

granite,  boulders  of, 

6ZS 

Ganges,  amount  of  matfer 
transported  by,  HO 

delta  of,  112 

Ganguo,  371 

OauOdus  (shiny  tooth),  535 
Ga.no\d*ii  (shining  sealed),  378 
Gaps  in  the  paln-.ozolc  seiies, 

547 

between  Oolitic  .nml 

Cretaceous.rocks,  661 
Garnet  {garanatus„\ov{  lat.), 
41 

GosteropMa  (belly -footed),  380 
Oastomi.s  (Gaston's  bird),  653 
Gastrochiena  (belly  3<qv?),  631 
Gaudry,  M.,  on  Melocene 
rook.s  in  Greece,  666 

on  rock.s  of  Attica,  710 

Oaudryina  (after  M.  Gaudry), 
630 

Gault.  ^ 603 

Gnviaiis  (Indian  crocodi  Ir),  653 

Dixoni,  647 

Geikic,  Mr.,  and  Sir  R.  L 
Murchi.son.  on  gneiss  of  N. 
of  Scotland,  211 

-and  Howell,  Messrs., 

on  geology  of  country 
around  Edinburgh,  331 
Mr.,  on  Old  Red  sand- 
stone, 495 

on  Bcoteh  Carbonifer- 
ous rocks,  522 
Gommati  (gemmed,  lat.),  628 
Oenabacla  (forming  a table), 
630 

Genera,  first  appearing  in 
Caiubro -Bilurian,  Ust  of, 
474 

Generic  centres  and  district.^, 
336 

areas,  337 

Gene.see  slate,  503 
Genetic  relations  of  minerals, 
40 

Geodes,  meaning  of,  note,  62 
Geognosy  (earth  knowledge),  S 
Geograpmcal  distribution  of 
species  in  past  time,  466 
Geographical  Ibultation  of 
species  may  be  result  of  de- 
scent of  species  from  others, 
and  consequout  variation, 
413 

Goologiiial  survey  of  U.  K., 
pnipor  interiiretation  of 
maps  of,  necessary,  233 

surveying.  111 

Geology,  restricted  meaning 
of,  5 

of  Russia,  by  Murchi- 
son, Oil' 
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Gcoteathis  (earth  squid\  59h 
Gej)hyrea  (bridge  - making), 

:^7i> 

Genuiites,  Pliny’s  nnme  for  a 
rock  supposed  to  liave  been 
granite,  hit 

Gennuny,  Oolitic  rocks  of, 
581 

Genlllen  (after  3f,  Ccrville), 
595,ii32 

anceps,  flg. , 603 

avlculoides,  SisS 

lanceolata,  512 

siliqiut,  533 

soeialis,  tig.,  55Q 

Geysers  of  Iceland,  134 
Giant's  Causeway,  330 

lignite  in  rocks  of,  660 

Giraffe,  663 

Girard,  M.,  on  Rhenish  rocks, 
502 

Girgenti,  limestone  of,  090 
Ginan,  Upper  Silurian  near, 
432 

Glacial  deposits,  612 
Glaciers,  103 

marks  of,  in  8.  of 

Ireland,  679 

of  Switzerland,  former 

extension  of,  639 
Gloss,  composition  of,  35 

manufacture  of,  58 

Glassy  structure,  a form  of 
allotropism,  27 
GLauconie  craycuse,  623 

grossiere,  650 

GlauconOme  (bluish  green  pas- 
ture), 461.  465,  437.  547 
GlonlvirTtiw,  drift  in,  616 
Qleugariff  gnts,  507 

and  Kcnmare,  sections 

of,  510 

Glenismaulc,  limestone  gravel 
of,  674 

Glens  always  caused  by  de- 
nudation, 2S3 

Globigerina  (globe  •carrying, 
lat),  forming  vast  lime- 
atono  dejmsit  at  bottom  of 
Atlantic,  129,  636 
Glols>si  (glolte  like,  lat.),  028 
Olobnlina  (like  a little  globe, 
lat.),  653 

OlOesodes  (like  a tongue), 
536 

GlossnpWrls  (tongue  fern), 
533,  576,  6^  594 

Browniana,  534 

Gloucestershire  Oolites  com- 
pared with  Yorkshire,  203 

Oolites  of,  562 

Qlycim<^ri.s  (sweet  bit),  653 
Glypheca  (Katlplnred),  595 

rostrata,  588 

scabrosa,  580 

Glyphis  (sculpture),^ 
Glyptiens  (sculptured),  595 
Olyptocrlnus  (serdpture  lily), 
4<U.  405.  490 


GlyptMon  (sculptured  tooth), 

691 

Gljptoliemus  (sculptured 
throat),  497 

Glyi>tol6pis  (sculptured  fin), 

4«»6.  498 

Glyptolwmus  (sculptured  lid), 

API 

Qiuelin,  on  basalt,  66 
Gmelin's  hand-book  of  che- 
mistry, 11 

Gneiss  (g«r.),  distinguished 
flx>m  granite,  91,  169 

becoming  granite  In 

Alps,  no 

and  granite,  relations 

between,  276 

Cretaceous,  710 

Goaf  (mining  term),  371 
Gob  (do.),  3H 

Gubin  (do.),'  371 

Godwin  Austen,  Mr.,  on  gra- 
nite in  Clialk,  146.  614 

on  indge  of  PaI»K)zoic 

rocks  beneath  Clialk,  621 

on  high  level  gravels, 

612 

Gold,  occurrence  of,  363 
Ooinphocfras  (club  horn),  627 
Qouiaster  (corner  star),  631 

Parkinsoni 

Stokesii,  642 

Goninstraia  (comer  star),  630 
Goniatites  (angle  stone),  503, 
636,  552,  561,  627 

compressus,  502 

Listeri,  flg.,  528 

spha'ricus,  514,  529 

Qoni<Kliscu8  (corner  disc),  631 
GonlognSthus  (angle  jaw),  653 
Gouiomya  (angle  mya),  ^ 

literata,  fig. , 580,  588 

scripta,  588 

Ooniophdlis*  (comer  scute), 
595.  632 

crassidens,  flg.,  587 

Ooniophfira  (corncr-oarrying), 
487 

C3nubad‘ormis,  477 

Goniophyllum  (comer  leaf), 
487 

Gossan  (rein-miner’s  term), 
371 

Gould,  Mr.,  on  humming 
birds,  394 

Onure  Mary  Colliery,  dyke  in, 
329 

Graiguenamnnagh,  gneiss 
near,  276 

Grnlla;  (cranes,  lat.),  377 
Oramraysla  (lined  mussel), 
487 

Granite,  composition  of,  84 

porphyritic,  85 

detached  bosses  in 

Wcxfoixl,  87  ’ 

schorlaceous,  96 

distinguished  from 

gneiss,  91  ^ 


Granite  at  the  roots  of  volca- 
noes, 93 

passing  into  trap,  93 

blocks  in  Chalk,  146. 

614 

joints  of,  209 

of  Leinster,  bordered 

by  mica  schist  and  gneiss, 
275 

and  gneiss,  relations 

between,  276 

appears  because  of  de- 
nudation. 289 

fragments  of,  in  Car- 
boniferous limesttme  of 
County  Dublin,  298 

no  primeval  — known, 

306 

could  not  be  formed  at 

surface,  308 

position  and  form  of, 

369 

supposed  to  form  axis 

of  mountain  chains,  316 

of  Leinster  irrupted 

through  Cambrian  into 
Lower  Silurian  n>cks,  Sll 

of  Devon  and  Cornwall 

irrupted  into  Carlxmifc  rous 
rocks,  311 

of  Moume  Mountains 

irrupted  into  Carlx>niferou< 
rocks,  812 

of  secondary  and  ter- 
tiary age,  312 

more  likely  to  be  asso- 
ciated with  older  than 
newer  rocks,  312 

reaches  surface  l>e- 

cau.se  of  denu«iation,  812 

of  Leinster  denuded 

before  deposition  of  Old 
Red  sandstone,  313 

of  Cornwall  and  Ulster 

newer  than  that  of  Lein- 
ster, 313 

veins,  313 

apparently  inlerstrati- 

fled  witn  mica  schist.,  317 

pos-sibly  exi.sts  at 

slight  depth  beneath  verti- 
cal beds,  317 

cooled  with  irregnlar 

deep-seated  surface,  347 

width  of,  at  surface, 

proportioned  to  amount  of 
denmlation,  SIS 
Granitic  or  hypogenic  rock<, 
^367 

Granitoid  nx-ks  of  the  Alps, 
91 

Granfllite,  96 
Qrapsu.s  (written  on),  631^ 
Grai)tolite8  or  Qraptolithus 
(writing  instrumtid,  pen 
fossil),  460,  461,  46^  4S7, 
490 

Cnnybeari,  449 

Flcmingii,  453.  472 


• “ Pholis  " refora  to  the  “ scute  •’  or  scale  of  a reptile ; and  “ lepis”  to  that  of  a fish. 
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Oaptolitcs,  Nilgoni,  4^ 

priodon,  453,  4II ; fig., 

4X8 

sagittarins,  445.  454 

Svdgwickii,  453 

— Wllioni,  453 

none  in  Lingula  flags, 

459 

Qrauwack^  (disused  term), 
note,  431 

Gravel  pit  at  St.  Acheul, 
section  of,  Xli3 
Gray  wethers,  839 
Great  Auk,  dying  out  of,  699 

Oolite,  5t>3,  571 

foreign  equiva- 
lents'of,  591 

Grcgarinhla‘(yfocfc«ny  together, 
lat.X  332 

Green  hills  near  Dublin,  csker 
openeil  at,  834 

Greene,  Professor  Reay,  cor- 
rections of  zoological  classi- 
fleation  by,  119 
Grenelle,  artesian  well  at, 
225 

Greenland,  depression  of 
coast  of.  230 
Greensand,  692 

near  Belfast,  called  the 

Mnlatto  stone,  222.  661 

altered  by  basalt 

into  hard  grit,  331 
Greenstone,  69,  74 

ash  of,  31 

slate,  probably  ash,  82 

columnar,  216 

intrusive  sheets  of,  321 

beds,  dykes,  and  veins 

of,  321 

and  felstono,  associ- 
ation of,  338 
Gres  bigarr^,  549 
Grts  do  Beauchamp,  121,  650 

Fontainebleau,121,650 

Poudingues,  651 

Gresslya  (after  Mr.  Gressly), 
591 

abducta,  5X0 

peregrina,  fig.,  5X4 

Grifilth,  Sir  R.,  the  Yellow 
Sandstone  of,  498 

Carboniferous  Slate  of, 

506 

on  the  N.  of  Ireland, 

515 

wological  map  of  Ire- 
land by,  551 

area  of  Antrim  basalt 

mapped  by,  660 

area  of  Galway  granite 

mapped  by,  6X8 

on  l>ouIdcr8  drifted 

nortliwards,  6X9 
GrifflUiidcs  (aher  Sir  Jt.  Ori/- 
fith),5H6 

globiecps,  530 

Grinsted  clay,  605 
Gristhorpe,  rocks  of,  5X6 
Gritstones,  IIX 
Groniia  ( ? ),  382 


Ground  quite  surrounded  by 
faults,  rarely  if  ever,  256 
Groups,  formations,  systems, 
411 

Groups  of  Ammonites,  628 
Grypboui  (hook-nosed  like  a 
griffin),  504.  632 

dilatAta,  flg.,  5XX 

inenrva,  llg. , 567 

vesiculosa,  613 

Guettarda  (after  iV.  Ouettard), 
630 

Outtenstein  beds,  552 
GuttuUua  (a  small  drop,  lat), 
630 

GjmnosoniAta  (naked  bodies), 

386 

Gypsum  (gypsos  in  OreekX  84, 
148 

deposited  before  salt, 

137 

converted  into  carbon- 
ate of  lime,  160 

■ prismatic  Jointing  of, 

214 

G>’Tacautbu8(firi«(  spine),  53d, 
547 

Gyrinus  (a  tadpole),  595 
GyrOdus  (tmwrt  tooUi),  595, 657 

Cuvieri,  530 

MantclUi.  605 

Gyrolf^pis  (round  scale),  536 
Gyronchus  (round  tumour), 
595 

Oyropristis  (twist  sawfish), 

547 

Gyroptichlos  (twist  wrinkle), 

496 

Gyrosteus  (twist  bone),  .*>05 
Gwynniad  (white  fish,  Welsh), 

398 


“ HAD^"of  afaultorvcln,  371 
Hauuatite  (bloo<Utone),  32 
Ilaibame  Wyke,  rocks  of, 

5X6 

Ilalcyomia  (halcyon  bird), 
653 

Halccopsis  (herring  or  sprat- 
looking), 653 

Ilalithcrium  (sea  beast),  654, 

664 

Hall,  Sir  J. , converted  chalk 
into  marble,  166 
Ilallcflinta  (Swedish),  99 
Hallstatt  beds,  551 
Halogens  (salt-producers),  13 
Halonia  (on  area),  535 
Halysites  (chain  fossil),  465, 
490 

catcnularlus,  459,  461, 

504 

Hamilton  or  Moscow  shales, 
503 

Hnmites  (hook  fossil,  lat.), 
628,  631 

attennatus,  fig.,  610 

rotundus,  611 

simplex,  617 

spiniger,  61 1 


Hampshire  basin.  634 
“ Hanging  wall  ’*  of  a vein, 
3X1 

Haplophyllia  (simple  leaf), 
504,  632 

Haplosmllia  (simple  knife), 

594 

Harbour  bore  in  drift  deposits, 
684 

Harkness,  Prof,  on  “mother 
of  coal,”  153 

on  joints,  218 

on  rocks  of  Scotland, 

432,453 

Harlanus  Americanus,  697 
Hurpes  (o  harpy  f or  o fal- 
chion ?\,  463.  465 

Fianngnni,  451 

Haiw’ich,  black  slate  below 
Clialk  at,  621 
Hastings  sand,  604 
Haugliton,  Rev.  Prof,  on 
mica,  45 

translation  of  Dnro- 

cher’s  Comparative  Petro- 
log>’  by,  59 

on  fcl.stone,  XI 

analysis  of  Wicklow 

greenstone  by,  78 

on  Leinster  granite, 

36 

on  protoginc,  ^ 170 

on  change  of  granite 

into  greenstone,  93 

on  Joints,  218 

on  thickness  of  earth's 

crust,  227 

on  cleavage.  270 

on  feldspars  of  the 

Leinster  gmnjte,  316 

on  arctic  fossils,  421 

on  Cyclostigma,  498 

Hautcrive,  marls  of,  022 
Hawkesbury  sandstone,  534 
Hawkins,  Mr.  Wuterliouse, 
diagnimsof  extinct  animals 
by,  694 

Hayden,  Mr.,  on  Cretaceous 
rocks  of  N.  America,  624 
Hazel  or  sandstone,  120 
Heading  (tn  cool  mining), 

371 

Hejuion  series,  643 
Heat,  inctamor])hosis  by,  157 
Heat  and  water,  do.,  157 
Heathen  coal,  extent  of,  185 
Heave  of  a fault,  246 
Hebrides,  gneiss  of,  432 
Hector,  l)r.,  on  Cretaceous 
rocks  of  N.  America,  624 
Helderburg  group,  484 
Heliostnca  (sun  star),  594 
Holicoceras  (spiral  horn),  628, 
631 

Totundum,  611 

Hcliolites  (sun  fossil),  461, 
465,  540 

Gray!,  472 

porosa,  501 

iiytiformls,  502 

Helix  (a  spiral  coil,  lat),  653 
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Helix  D’Urbani,  fig.,  M9 
Helladoth#  riura  (Grecian 
beast),  G6d 

Ilel.VluH  (nail  or  itud  tooth), 

HeloiilioroB  (stnd-oarrying), 

Heniiaster  (half  Mar),  ^ 

Bailyi,  iiU 

Henucanliuiu  Wulferi,  552 
Uen)ici(15ris  (half  turlxin), 
5a5 

— — Davidsonl,  5M 

intcnuedla,  580. 58S 

minor,  fig.,  5X2 

I’urlKrckensiB,  5S6 

Hemicosmitos  (half  oruanent 
or  sphere  /rtfsil),  403,  465 
Heniihedra  (/ki^  based)  crj'8- 
Uds,  23 

Ilemipedina  Qtalf  pedina), 
bSib 

riernipneustcs(AaV  inflated), 
651 

Fittoni,  609 

Ilemipristid  (half  saw)  serra, 
664 

Hemiptf ra  (half  winrird),  879 
nempstead  series,  636,  648 
Hennessey,  Prof.,  on  volca- 
nic Ih»iu1)S,  157 
on  equatorial  protube- 
rance of  earth,  222 

on  thickucaaof  earth's 

crust,  227 

on  tcrrcstrUvl  climate, 

llenrv,  Mr.,  on  “wlxiterock 
trap,"  79,  329 

Herbert,  M.,  on  (lint  imple- 
ments,  700 

Herculaneum,  covered  by 
“rish,"6S 

TTcmc  Bay.  section  at,  638 
llerschel.  Sir. I.,  mention  of 
Parker's  great  lens  by,  92 

outlines  of  astronomy 

1»V  2*23 

IletVrocL'ras  (irregular  lu*rn), 
628 

Ueterooidiiris  (irregular  tur- 
Ixin),  595 

Hctcro(a».nia  (irregular 
orrnia),  630 

Heten.»nomic  (unvsfual  law) 
isomori'hisin,  25 
Hctcrophvllia  (irregular  leaf), 
536,  628' 

Hetcroi)6ra  (irregular  pore), 
487 

cryi)top5ra,  616 

ramdsa,  588 

Hex)qirot5don  (six  front  teeth), 
663 

High  level  gravel,  6^  672 
Uightea  ( ? ),  653 

clcgaus,  630 

Hills  of  circumdenudutiou, 
2.S1 

nptilting,  2S2 

Hils  conglumcrat,  623 


Hilsthom,  623 
Himnmlayah  mountains,  222 
Hiunitea  (mule  fossil,  Lat.),594 
Hipi^allmus  (horse  of  the  sea), 
630 

Hippohyns  (horse  hog),  665 
Hii>i)OiH)dium  (horse  foot),  5M 

ponderosum,  fig.,  567 

Hipp5nyx  (hoi~se  hoof),  6M 
Hii>jM)i>otAinu8  (horse  river), 
663,  0^,  68S 

major,  665 

Ui]>l>othcrium  (horse  beast), 
665 

nipj)ur5tea  (horse-tail  fossil), 
535,631 

calcairc  i,  623 

Himant  limestone,  201.  447 
Ilistioderma  (mil  skin),  437 

Hibenneura,  fig., 437 

History  of  formation  of  crust 
of  earth,  425 

Hitchcock,  Professor,  on 
American  bird  tracks,  560 
Hobart  Town,  contempo- 
raneous erosion  near,  195 
Holanea  (all  Mly  ?),  653 
IJolectypus  (all  out  form),595, 
632 

Holing  (in  coal  mining),  871 
Holland,  conip(»sed  of  glacier 
mml  from  the  Alps,  105 
Holocoiuia  (whole  cania),  630 
Ilolocystis  (all  bladder),  630 

elegans,  fig. , 608 

Ilolohedral  (whole  based)  crys- 
tals, 23 

Uolopica  (whole  opening),  462. 
465 

conclnna,  fig , 450 

Holopclla  (little  holojxra),A62, 
465.  490,  552,561  ^ 

canccllnta,  4±± 

plana,  460 

tcnuicincta,  469 

Holoptychius  (all  wrinkled), 
497,  503,  536 

Hibl>erti,  530 

Portlockii,  fig.,  529 

IIolost«5ina  (whole  tnoulh),  631 
UolothurfdCa  (all  jmssage, 
Greek  name  for  the  sea  cu- 
cumbers), 380 

fce<ling  on  coral,  132 

Homacanthus  (cren  sjdne), 

536 

Homaiondtus  (flat  haeJ:),  461. 
403,  465,  4^  503,  504 

Ahn-iuU,  502 

arniatus,  501 

bisulcatus,  452 

delphinocephalus,  475 

Knightii,  480 

Homceosolen  (regular  solen), 
631 

Homolomorphous  (similar 
form)  bodies,  25 
Hoinoiozoic  (similar  life) 
belts,  385 

HomonOtus  (ercti  hack\  631 
HoiuoptCra  (even  winged),  595 


Hooker,  Dr.  J.  D.,  on  Him- 
maJai^n  glaciers,  104 

on  delta  or  BraLma- 

pootra  ami  Ganges,  112 
Hoosick  slate  of  I)r.  Em- 
mons, 458 

Hopkins,  Mr.  W.,  on  power  of 
mo\dng  water,  109 

on  thickness  of  earth's 

crust,  227 

on  the  laws  of  fracture 

of  earth's  crust,  263 
on  M.  E de  Beau- 
mont’s theory  of  mountain 
chains,  353 

Hoploj>uria(tn  anmrttr)  Bellli, 
fig.,  629 

Hordwcll  Cliff,  643 
Horizon,  geological,  410 
Horizontal  IxhIs,  uncomfonn- 
ability  in,  294 

Homblcmle  (horn  dazzling, 
German).  37 

schist,  163 

Homer,  Mr.  L.,  on  dctrltna 
brought  down  by  Rliiue,lll 
Horustone,  166 
Horse,  371 

different  breeds  of,  419 

fossil  in  America,  697 

“Horse"  in  Forest  of  Dean 
coalfield,  194 

“ Horses'  backs  ” in  coal  bc<i*, 

190 

Horsham  beds,  604 
Hot  springs  fn»m  great  fis- 
sures, 225 

Howell  and  Geikic,  Messrs., 
on  geology  of  c<iuutry 
round  Edintiurgh,  331 

Mr.,  mapped  Rha-tlc 

beds  in  Staffordshire,  553 
Howth  hill,  formed  of  Cam- 
brian rocks,  SOI 
Hoxnc  In  Suffolk,  flint  im- 
pleincnts  at,  IQ2 
Hudson  river  group,  456 
Uuel  (Cornish  for  a mine),'^% 
Hugh  Miller  on  Old  Red  fish, 
497 

Hull,Mr.E.,  on  Arloy  coal .185 
section  of  North  Staf- 
fordshire by,  520 

section  of  0<jlitcs  by, 

562 

on  great  Oolite,  5H 

• Humboldt  on  foliation  in  S. 
» America,  273 

on  Jorullo  mountain, 

335 

Humming  birds,  restriction 
of  species  of,  394 
Hunt,  Mr.  Sterry,  on  while 
trap,  73 

on  dolomite,  186, 147 

on  occurrence  tif  gra- 

I pbite  in  metamoridiic  rocks, 
164 

on  serpentine,  167 

Hunter's  River,  N.  S-  Wales, 
coal  at,  534 
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Iluronlan  series  of  Logan.ias  ■ 
Hurst  mil  near  Dualey,  • 
tlomc-sbapud  olovation  of, 
347 

Hutt  River,  New  Zealand, 
elevation  of  land  about, 
t*30 

Huxley,  Professor,  descrip- 
tion of  deep  sea  oaze  bv, 
lill 

classlflcatiun  of  ani- 
mals by,  aid 

on  ^ptolites,  459 

on  holo]>tyehius.  498 

on  fish  of  Caitlmess, 

498 

Uyienn  (hog-like,  Greek  name 
for  the  animal)  spela-a, 
083,  693 

Uvn'nas  and  Iwars  former 
Inhabitants  of  our  coun- 
tries, 61W 

IIy»;n<'*don  (hyaena  tooth),  656 
Hyalogens  (glass  prodveers), 
la 

HvbochT)a8  (hvmp  dypusF), 
595 

HyWklus  (hump  tooth),  559, 
632 

acutus,  561 

keuperinus,  555 

minor,  557 

Mongeotl,  551 

obtUKUs,  560 

reticulatuR,  568 

strictus,  6W 

Hybrids  or  mules,  417 
Hydnti<;a  (aquatic),  535 
Hvdnophoru  (trujjte-carrier), 
630 

Hydraulic  limestone,  145 
Hydrida*  (voter,  or  hydra 
kind),  382 

Hydrobia  (water  living),  595 

Chastellii,  fig.,  649 

Hydrocephalus  (water  head), 
455 

Hydrogen  (im/er  j>roducing), 
30 

Hydro2<5a  (iruter  animals), 
382,489 

Hylaosaurus  (forest,  or  weajd 
Hoard),  6^  631 

Owenli,  606 

H)’mono<;4ri8  (meinbranc 
shrimp),  465 

vemiicautla,  fig.,  444 

H}Tnenoi>h  villa  (membrane 
Uaf),  630 

nymenojdiyllites  (membrane 
leaf  fossil),  535.  600 
njincnoj)^*™  (membrane 
winged),  378 

HyopotAinUK  (hog  river),  653 

bovtnns,  650 

Vectensls,  650 

Hyperite  (?  contraction  of 
hyiHsrsthenite),  76  | 


I * 

j H>*per8thene  (extra  strength), 

HyjKjrsthCnite  (hypersthenc 
rock),  76 

UypsOdon  (high  tooth),  031, 
657 

Hyracotheriiun(Avrair*  beast), 

653 

lejHmnun,  642 

Hj"the,  lower  greensand  of, 
607 


IantiiIna  (I&nihe,  a proper 
name),  41W 

Ice  and  snow,  geological 
action  of,  102 

Icebergs,  geological  action  of^ 

105 

fonnerly  floating  over 

Ireland  and  N.  Euroj»e,081 
ichnites  (foot  track  fossil),  547 
Ichthyocrluus  (fish  lily),  468 
Ichthyopterj’gia  (fish  finned), 
378 

Icbthyosnnnis  (fish  lizard), 
378,  695.  59S.  818.  032 

campylOdon,  613 

communis,  568 

trigonu8,t  582 

“ Ide,*’  meaning  of  words 
terminating  In,  14 
Ideal  section  of  volcanoes, 
832 

Identical  species  no  proof  of 
strict  contemporaneity  in 
distant  formations,  407 
Idinonea  proper  name 594 
Idocruse  ^ixed  suming),  40 
Igneous  rocks,  60.  54.  hi 

metamori>ho8ed, 

172 

and  faults,  no  con- 
nection between,  263 

of  Carboniferous 

period  in  County  Limerick, 
325 

origin  of,  deei>- 

seated,  341 

rarely  ap)>car  as 

centres  or  axes  of  elevat  ion, 
345 

only  accidentally 

connected  with  mineral 
veins,  365 

named  from  litlio- 

logical  clmracters  only,  427 

of  Carboniferous 

period  in  England,  622 
Iguouodon  (Iguana  tooth), 
378,  629.  631 

Mantellli,  ^ 607 

llla'nus  (si/uint  eye),  455,  461, 
463,  465,  41K) 

Harrensls,  475 

Uowmonni,  451,  452 

Davisil,  fig.,  451 

Murcbisonii,  447 


lUawarra,  N.  8.  Wales,  coala 
at,  534 

Inclination  of  beds,  233 
proof  of  move- 
ment in  earth’s  crust,  228 

of  faults,  257 

Inclined  beds,  fault  travers- 
ing, 249 

axis  of  earth,  eflect  on 

climate  of,  387 
Included  gnmp  of  beds,  201 
India,  coalflclds  of,  533 

Oolitic  rocks  of,  592 

Cretaceous  rocks  of, 

624 

— Numraulitic  rocks  of, 

652 

Heioccne  beds  of,  663 

old  glaciers  of,  6S9 

Indian  0<rean,  do})osits  In,  206 
“ Indications  ” of  mines  not 
to  be  trusted.  368 
Indifferent  bodies,  16 
Inferior  Oolite,  56S,  591 
infero-branebiata  (nether 
gilled),  381 

Infusoria  (infusion-loving, 
lat.),  134,  382 

inlier  (proposed  term  for  an 
included  group  of  beds),  201 
Inocerftmus  (fibre  shell),  536, 
632 

Brongniarti,  617 

concentricuK,  <lofl 

Lamarckii,  fig.,  616 

mj’tiloidcs,  fig.,  615 

sulcatus,  Ug.,  610 

Inoporculata  (without  a lid, 
lat),  880 

InsectivGra  (insect  eating, 
lat),  377 

Insects  of  the  Coal-measures, 
539 

Oolitic  rocks,  598 

Wealden  rocks,  629 

Intercalated  interv'als  neces- 
sary, 182 

lutercolline  spaces,  850 
Intomnl  temperature  of  the 
earth,  224 

Interatmtiflcation  of  beds, 
196 

Intervals  between  l>eds,  179 

proved  by  fossils,  189 

by  termination  of  otljer 

beds,  182 

in  French  Eocenes,  184 

In  Irish  Carboniferous 

rocks,  184 

Introduction  of  new  species 
gradual,  412 

Intrusion  of  i^eous  rock  and 
elevation  of  gronnd,  not  re- 
late<l  as  cause  and  eirect.S45 
Intrusive  rocks,  53, 321 

and  contem})oraneous 

trap,  distinctions  between, 
322 


• Hyrax  is  the  Greek  name  for  the  shrewmonse  ; It  is  now  given  to  a small  perissodacty- 
llan.  p.  877.  \ Trigdnus  means  of  the  third  generation. 
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Inversion  of  beds,  213 
Inverted  coal  be<lsin  Belgium 
au<l  County  Cork,  243 
Ipswich,  Comlliuo  Crag  near, 
667 

Irel.niid,  cleavage  in  8.  of,  267 
instances  of  denuda- 
tion in,  23o 

central  plain  of,  232 

- RUccessive  unconfor- 
mabilities  in,  294 

relative  age  of  granite 

in,  813 

l»amllel  ranges  of  hills 

in  8.  of,  3M 

gneiss  and  mica  schist 

of, 

Cambrian  rocks  of,  436 

Lingula  (lags  absent 

from,  433 

Llandeilo  flags  of,  453 

Bala  beds  of,  453 

Upi»er  Silurian  rocks 

of,  433 

Old  Red  sandstone  of, 

423.  428 

Carboniferous  series  of, 

515 

Carboniferous  slate  in, 

507 

Pennian  rocks  of,  546 

Triassic  rocks  of,  554 

Ilhietic  lx*ds  in,  555 

IHisitiun  of  New  Red 

sandstone  in,  557 

Oolitic  lx*ds  of,  584 

Cretaceous  rocks  of, 

621 

Meiocene  rocks  of,  660 

Pleistocene  beds  in, 

6i  4 

limestone  gravel  of, 

674 

erratic  blocks  of,  678 

glacier  markings  in, 

680 

■ change  of  form  in,  if 

depres-seil,  6Sl 

hlskers  of,  682 

extinct  animals  of,  695 

Ireleth  slates,  482 
Irish  diamonds,  32 
Irish  elk,  found  in  gravel, 
«;Iay,  and  i>eat,  625 
Irish  Sea,  nature  of  bottom 
of,  115 

Iron,  ses«iuioxlde  of,  soluble 
in  water,  27 

spar,  34 

ore  in  Itcds,  356 

sand,  607 

Ironstone  balls,  156 
Imigular  distribution  of  land 
and  water,  effect  ouclinuite 
of,  388 

Irregularities  of  earth’s  sur- 
face, 223 

of  contents  of  mineral 

vein,  369 

isaatnea  (fqnal  starX  632 
Conybeari,  bil 


Isastrsea  explonata,  579 

oblonga,  fig. , 584 

Iscbadites  foatilX  4i£ 
IschyOdus  {ttrtngth  tooth), 
595.  632 

I Townshendi,  584 

I Isis  (£yyptiaa  goddtstX  489, 
630 

Islands  on  coral  reefs,  133 

in  Carlxmiferous  sea, 

in  what  is  now  tbe  County 
of  Dublin,  306 

Isle  of  Wight,  uniclihal  enn'e 
in,  242 

j Chalk  downs  of,  603 

Eocene  rocks  of,  614 

Isthinu.scs  of  Suez  ami  Darien 
form  narrow  divisions  be- 
tween distinct  biological 
prrivinces,  392 
Isoarca  (rquul  area),  552.  559 
I Isocardia  (equal  heart  shell), 

; 594 

; minima,  574 

I tencra,  588 

Isodlus  (equal  toothed),  595 
Isodonta  (ecjuul  tooth  shell), 
594 

triangulare,  588 

Isomoriihism  (eqtial  /orm\ 

24 

Isomor{>hous  substances,  25 
Is<Homes  (equally  divisible), 

25 

Italy,  Eocene  beds  of,  652 

Meiocene  beds  of,  662 

Pleioceue  beds  of,  671 


Jackey,  or  jackhcad,  pit,  371 
James,  CoL  Sir  on  jioai- 
tiou  of  earth’s  axis,  223 

on  deflection  of  plumb 

line  at  Ediuburgh,  2^ 

drift  shells  found  by, 

ill  Ireland,  675 
James  River  l>eds,  663 
Jameson,  Prof.,  ou  granite, 
83 

Jardine,  Sir  W.,  his  Ichnology’, 
546 

Jn.siKir  (iaspis,  gr.),  82 
Java,  volcanoes  of,  333 
Jeffries,  Mr.,  on  solution  of 
silica,  50,  .361 

Jerca  (Idereia,  a priestess),  630 
Jet,  153 

Johnson,  Mr.,  on  trough  fault, 
261 

Johnstone's  Physical  Atla.s, 
98 

Joint  action  of  elevation  and 
denudation,  281 
Joints,  207 

ouboidal  or  quadran- 
gular, 207 

in  limestone,  208 

In  granite,  209 

master,  2^ 

bulging,  210 

open  and  close,  210 


Joints,  successive  formation 
of,  210 

in  Burren,  County 

Clare,  211 

La  coal,  212 

art  of  quarrying  de- 
pends on,  213 

prismatic,  213 

in  Iwsalt,  215 

cause  of,  217 

in  slags,  217 

in  coi^  reef  rock,  217 

surface  exhibition  of, 

218 

study  of,  necessary  for 

landscai>c  painter,  218 

erosion  along,  212 

Jorullo  Mountain,  sui'posed 
crater  of  elevation,  335 
Jupiter  Serapis,  temjilc  of, 
elc\’ated  and  depressed, 
230 

Jura  Mountains,  curved 
strike  of,  351 

I)ed3  forming,  5S9 

cretacee,  623 

J urassic  i^eriod,  562 


KAMtsa,  672 

Kane,  8ir  B.,  on  solution  of 
lime.  SI 

Director  of  Museum  of 

Irish  Industry,  437 

on  industrial  prisonen 

of  Irclaud,  681 

Kaulurk,  coal  squeezed  iu 
contortions  near,  238 
Kaolin  (Chiuese),  121 
Kaq^thcn  sandstcin,  623 
Kattra  shales,  593 
Keane,  Mr.  Marcus,  on  “ puf- 
fing-hoies,"  220 

Mr.  14^  of  Loop  Head, 

242 

KwjHjr  group  of  mountains, 
288 

Hills,  structure  of, 

near  Limerick,  325 

Caiubro-Bilurians  of, 

455 

Kollia  (after  Mr.  O' Kelly  oj 
ItocheskyiTH  House,  KlUiney, 
near  Huhlin),  653 
Kclloway  Ro<-k,  576 

foreign  equl\'a- 

lents  of,  591 
Kelve,  123 
Kendal  group,  4 82 
Kcmnare  Day,  disc-olourati«.>n 
after  storm,  115 

great  joints  near, 

209 

Carlxiniferous 

slate  of,  510 
Kentish  rag,  607 

Town,  rvd  rocks  below 

Chalk  at,  0U7 
Kerry,  mountains  of,  288 
Kersantite  ( T ),  78 
KeuiMir,  549.  551 
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Kcnper  of  Britain,  ii53 
KiUlare,  Chair  of,  4M 
Kilkenny  County,  boundary 
of  upper  paliLozoic  rocks  in, 
224 

Killamey,  drift  at,  619 
Killas,  ^ 619 
Kiiiincy  Hill,  near  Dublin, 
granite  quarries  of,  269 

granite  veins  at,  314 

Kilmastnll^h  Valley,  drift 
mounds  in,  6S2 
Kilnaleck,  coal  squeezed  in 
contortions  near,  238 

anthracite  . in  Lower 

Silurian  rocks  at,4M 
Kilticrnan,  reindeer  horns 
found  at,  696 

Kiltorkan,  sandstone  of,  498 

fossils,  499 

Kimmeridgc  clay,  563.  581 

foreign  equivalents  of, 

591 

Kinahan,  Mr.  Q.  on  coal 
at  Kanturk,  238 

on  reversed  fault,  258 

on  Cambro-Silurian 

rooks  of  Limerick,  etc.,  455 
on  Carboniferous  lime- 
stone, 513 

Dr.  J.,  on  existing 


British  species,  401 

on  Oldhamia,  437,  438, 


458 


Kinds  of  animals  and  plants 
most  likely  to  occur  fossil, 
400 

King,  Professor,  on  Ardtrea 
limestone  j^546 

Permian  Fossils 


contortions  near. 


on  Pennlan 


of,  544 
Kinsale, 

231 

Kirby,  Mr., 
n)cks,  542 
Knockfeerina  ranges,  struc- 
ture of,  352 
Knockmealdon 
288 

Knockshigouna, 

455 

Knorria  (after  M.  Knorr),  509, 
535 

Konninckia  (after  M,  de  Kon- 
ninck),  552,  559,  630 
Kdssen  beds,  552 
Kreidc,  623 
Kupfer  schiefer,  542 


Mountains, 
rocks  of. 


Labechia  (after  Sir  K de  la 
Beche),  487 

Labradorite  (from  Labrador), 
42 

Labrophiigus  (voracious  eater), 
653 

Lab\*rinth5<lon  (labyrinth- 
tooth),  547,  555,  560 

^gantcum,  ilg. , 556 

Labyrinthodont  order,  546, 
561 


Labyrinthodonta  (labyrinth-  i 
toothed),  318 

Lacerta  (lizard,  lat.),  595 
Lacertilia  (lizard-kind,  lat), 
388 

Laconlillus  (lake-loving,  lat. 

nn<l  gr.  t limnonliilus),  595 
Lacuna  (a  trcnck  or  a jrap, 
lat),  636 

Licckonien,  systimo,  650 
Lamautiue,  663 
Lambay  Island  formed  of 
Ivower  or  Cambro-Silurian 
rocks,  301 

Bala  beds  of,  454 

Lamellibranchiata  (%^late  gill- 
ed,  lat. ),  381 

Lamina;,  thickness  of,  177 

of  lead  ore  in  beds,  363 

Lamination,  168, 177 

irregular,  189 

Lamraennuir  Hills,  453 
I>amna  (a  blade,  lat-X  031 

acuminata, 

elogans,  fig. , 614 

Lamongan,  volcano  in  Java, 

333 

Lancaster  and  Wright  on  deep 
shaft  in  Nottinghamshire, 
521 

Land  moves  first  to  produce 
a i>ennancnt  change  of 
level,  228 

and  ocean  climates, 

381 

animals  of  Woaldcn 

period,  625 

Landenien,  syst^me,  051 
Landslips,  li^ 

Lap5rus  (the  abdomen),  653 
Lapse  of  time  marked  by 
plane  of  stratiHcation,  186 
Late  api»earance  of  geology  in 
science  accounted  for,  2 
Lateral  cliangc  in  lithological 
cliaractcr  of  beds,  291 

shift,  api>carauce  of, 

produced  by  vertical  throw, 
249 

pressure,  source  of,  in 

dislocations,  262 
Lanrentean  gneiss,  433 
Lava,  69 

streams,  structure  of, 

334 

Lavas  and  traps,  difference 
of,  334 

dykes  and  veins,  338 

Law  of  approximation  to  liv- 
ing forms,  411 

I.icad  veins  in  Derbyshire  and 
North  of  England,  361 

ore  in  Carboniferous 

limestone,  367 
Leader,  in  veins,  371 
Lcda  (the  mother  of  Castor  and, 
Pollux),  536 

rostrata,  687 

Legnonfltus  (fringe  back),  396 
Legumenosites  (pod-like  fos- 
sil, laL),  63^  653 


Lehm  of  Rliinc  valley,  689 
Leinster  granite,  86 
analysis  of,  com- 
pared with  Duroidier’s,  88 

district,  <;lunvagc  and 

foliation  of,  275 

granite  shewn  because 

of  denudation,  289,  319 

laitl  bore  before 

Old  Red  sandstone,  313 

el  vans,  816 

granite,  width  of  sur- 
face great  in  proportion  to 
lowness  of  ground,  318 

granite  boulders,  678 

Ix'iodon  (smooth  tooth),  631 
Length  of  time  required  for 
pseudomorphic  action,  162 

of  inter\'al  l;etween 

lamina'  and  be<ls,  179 

of  time  for  succession 

of  beds,  183 

Lentaigne,  Dr.,  on  granite 
boulders  in  Carboniferous 
lime.stone,  146 

Lenticulites  (little  lens  fossil, 
lat)  complnnatus,  664 
Leopard  and  Jaguar,  896 
Lei>erditia  ( ? ),  465,  490 

marginata,  480 

Lepidaster  (scale  star),  488 
Lepidodcndxou  (scale  tree), 
.5o:{-5:^5 

elcgans,  6g. , 526 

Lepid6Iite  (scaly  stone),  45 
I.iei>idonieIane  (scale  black),  46 
Lepidophyllum  (scale  leaf), 

536 

Lepidopt^ra  (scale  winged), 

379 

Lepidostfius  (scaly  bone),  663 
LepidostrObus  (scaly  fir-cone), 

505 

omatus,  523 

Lepidotus  (scaly),  595,  682 

Fittoni,  ikis 

macrocheims,  618 

Mantelli,  687 

Lepracanthus  (rough  spine), 
536 

Leptaoanthus  (fine  spine), 

636 

Leptn;na  (slender  shell),  381, 
461,465 

Moorei,  566 

plicata,  502 

Hcissa,  452,  469 

transversalis,  452 

Leptodomus  (slender  house), 
540 

LeptoK^pis  (delicate  scale),  595 

macrothalmus,  flg. , 

377 

Leptophyllia  (delicate  leaf), 

630 

LepWria  (slender  bounds),  631 
Leslie,  Prof.,  on  increase  of 
densitv  in  air  and  water  at 
great  depths,  225 
Lesinahogo,  Upper  Silurian 
of.  482. 495 
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Lenne  Bchlefer,  M3 
Lettenkohle,  Ml 
Leucite  (white  stone),  43 

rock,  157 

Level,  change  of,  relative  in 
land  and  .sea,  3^ 

bearing  of  a bed,  333 

Lewisian  gneies,  433 
LherzoHte  (from  7/rtJfce  Lherz, 
Pyrenees),  18 
Lias,  504 

of  Antrim,  589 

foreign  equivalents  of, 

Ml 

near  Belfast,  601 

Lichas  (iiame  of  the  boy  who 
hrvugnt  Hercules  the  poison- 
ed shirt),  403.  405.  4M 

— AngUcua,  475.  480 

Hibemicus,  fig.,  451 

laxfttus,  453 

Lie  and  ])ositiau  of  New  Red 
sandstone,  557 
Li6ge,  coal-lleld  of,  531 
Light!  (bound,  lat.),  628 
Light  as  well  as  heat  neces- 
sary for  plants  in  arctic  re- 
gions, 421 

LBpiite  in  Antrim  basaltic 
rock.H,  600 

Lima  (a  JUe),  b'3(i,  547,  594 

cardiiibimiH,  flg.,  512 

duplic4itn,  5^ 

gigantca,  507 

Ho^Hsri,  fig.,  015 

obliqiiata,  583 

pcctiniformis,  570 

i>robo8cidea,  570 

rigida,  579 

rigidula,  574 

mstica,  589 

striata,  550 

Limburg  beds,  602 
Lime,  oxide  of  calcium,  18 

carbonate  of,  33 

silicate  of,  35 

solubility  of,  33 

sulphate  of,  34 

Lim^a  (^-like),  504 
Limerick,  ashes  and  tm)>s  of, 
82 

basin,  trap  district  of, 

325 

tm]»8  prol>ably  fonned 

in  the  same  way  as  lavas 
among  conil  reefs  of  Torres 
Straits,  328 

Cambro-Silurian  rocks 

of,  455 

Limc.8tone,  magnesian,  34 

formation  of,  in  fresh 

water,  125 

formation  of,  in  8oa.l27 

slowly  dissolved  in 

sea,  128 

described,  141 

metomor]>ho3ed  into 

rotten  st«>ne,  158 

altered,  166 

great  series  of  beds  of, 

196 


Limestone,  Joints  in,  268 

cleavage  of,  266 

and  trep]>ean  ash 

blendiiig,  326 

fossils,  464 

gravel,  672 

gravel  on  granite  hills, 

674 

— ; — ; of  Ireland,  674 

Limitation  of  genera,  argu- 
ment in  favour  of  descent 
from  a common  species, 
397 

— on  Coal-Measure 

hills,  675 

formed  under  sea, 

677 

Limits  of  geology,  3 
Luun*a  (lake  shell),  653 

longiscata,  fig.,  649 

Limnius  (htke-living  insect) 
Limonitc  (mudstone,  Fr.),  622 
Limonsis  (lima'lookiny),  594 
Limdlus  («77finttng,  lat.),  586 

like  trilobites,  459 

Lindley  and  Hutton’s  Fossil 
Flora,  535 

Lines  or  jKiiiits  of  irruption 
or  eruption  Jof  igneous 
rocks  have  no  relation  to 
inclined  itosition  of  sur- 
rounding aqueous  rocks, 
346 

Lingilla  (little  tongue,  lat.), 
381,  454,  457,  4«V5,  509 

flags  of  Merioneth  and 

Cteruar\’on,  443 

In  Putnam  sandstone, 

456 

flags  near  Quebec,  457 

fossils  of,  459 

of  Llaiuleilo  tings,  460 

attciiuuta,  445 

C'rednfri,  542 

comCa,  477,  4^  483 

cruinena,  469 

Davisii,  fig.,  444 

lata,  477 

lopis,  443 

ovillig,  589 

immllela,  469 

striata,  477 

tenuis,  640 

from  Torres  Straits, 

living,  45S 

Lingulina  (a  litUe  tongue,  lnt.X 

630 

Lion  and  puma,  395 
Liskeani  group,  500 
Lisnogrib,  Rluetic  beds  of, 
5M 

Lister,  Rev,  W.,  on  tracks  in 
Trias,  558 

Litharca  (stone  full  of  oniH- 
ties),  653 

Webstcri,  fig.,  645 

Lithin  mica,  45 
Litbodomus  (rock  house),  536 

Inclnsns,  588 

Lithological  terms!  in  many 
coses  necessarily  assume  a 


chronological  significalion, 
429 

Lithology  (stone- lore)  ex- 
jtlaine^  8 

based  on  mineralogy, 

11 

Lithomis  (stone  bird),  6!^ 

Vulturensia,  ^ 

Lithostn>tion  (skme  rods),bSt 

atline,  fig., 526 

Litorina  (shore  -frequenting, 
lat),  536 

litorea,  6SS 

Litnites  (trumj^-fctsil,  ktX 
462.  465,  490.  627 

articulati^  478  .4, 

Biddnlphii,  474  - ' 

Hibemicus.  fig., 450 

undosus,  470  * 

LitmMa  (a  little  spot,  lat\  680 
Living  and  fossil  sp«:ies  oi 
British  Islands,  table  ^4, 404 
Livingstone  on  S.  Africaa 
rivers.  101 
Llandeilo  flags,  444 

of  Meath,  454  ^ 

fossils  of. 

Fawr,  Old  Red  sand- 
stone nca^  492 
LlandovCry,  rtn-ks  near,  451, 
460 

or  May  Hill  group,  456 

fossils,  470 

ImxMjrfetd  series,  548 

sandstone  furraerlf 

confounded  with  Candw, 


466 

Ijoam,  123  - ^ ' > 

Lobosa  (lobe-kind,  lat  X ^ 
Local  extinction  of  species, 

Lodes,  357  — ? 

Loess  of  Rhine  Valley,  689 
Logan,  Sir  W.,  on  aei3>enline, 
167 


on  C.aiiada,  432 

on  fossils  near  Quebec, 

457 

on  Devonian.^  of  Ca- 
nada, 564  « 

Loinfltophloyos  (fringe  hark), 
535 

Lombock,  Peak  of,  li«>ight  de- 
termined by  M r.  Kvans,  S3S 
Lonchop  Wris  (la  noe  fern),  51*4, 


632 


Mantellii,  605 


-4 


London  basin,  634 

clay,  absence  of,  in 


France,  183 

clay  in  England,  ^6, 


639 


Longmynd,  Cambrian  realui 

of,  435 

Lon^all  method  of  coal- 
mining. 367 

Lonsdaleta  (after  Mr.  Lout- 
dale),  487  1 

Loop  Head  promontory  pene- 
trated by  crerices  formed 
along  Joints,  219  . s 


I 


1 
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I/wp  J Hea<l,  County  Clar«, 
unidinul  cun’es  in,  242 
Lophi6<lon  (ridge  tooth),  60(3, 
660 

minirau((,  641 

Lo))hiostOtuuH  (crest  mouth), 

im 

Lophiotherium  (crest  brost), 
604 

Lophophea  (mane  or  crest 
their  ing),  3S1 

Loi)liopliVnuni  (crest  leaf),  530 
Lophosmilia  (crest  knife),  63i 
I.orraiue  shale,  456 
LorioOIa  (a  little  coat  of  mail, 
lat.),  631 

Loughshinny,  contortions  at, 
238 

Low  level  gravels,  685 
L<jwcr  Cambrian  rocks,  434 

Cretaceous  rocks.  604 

Eocene  group,  631 

Greensand,  601 

Lias,  563 

Limestone  shale,  con- 
glomerate in,  1S6 

extent  of,  187 

at  Donabatc, 

301 

of  S,  Ireland, 

511 

of  S.  Wales, 

511 

Llandovery  rocks,  466 

Ludlow  rocks,  475 

Old  Red  sandstone, 

405 

Oolites,  564 

lateral  change 

in,  203 

Palaeozoic,  rocks  of  S. 

E.  of  Ireland,  pejnsr  on, 
quoted,  II 

PentamCrus  lime- 
stone, 484 

Silurian  (or  Cambro- 

silurian)  period,  441 
nicks,  in  County  Dub- 
lin, 301 

traps  and  ashes 

of,  324 

metamorphosed 

into  mica  schist  in  I^eiu- 
ster,  455 

of  N.  America, 

456 

Loxmlon  (oblique  tooth),  665 
Loxonema  (oblique  thread), 
437.  552.  561 

fasciatum,  flg.,  544 

Lefcbvrei,  5^ 

stnuusum,  477 

Loxostomus  (icry  mouthed), 
653 

Lncemarldse  (lamp-carrying- 
kind,  Int.),  382 
Lucina  (name  of  a goddess, 
lat.X  536,  663 

crassa,  588 

Portlandica,  fig.,  584 

proavia,  502 


Ludlow  bone  l»ed,  extent  of, 
186 

rocks,  468 

^oup,  475. 

fossils,  47K 

Lugnaquilla,  granite  nearly 
concealed  by  mica  schist 
on,  318 

Luidia  (from  Mr.  Lloyd  or 
IJvryd),  595 

Lund  and  Clausscn,  MM., 
on  fossil  animals  from  S. 
Ameriita,  601 

Lumbricaria  (earthworm-like, 
lat.l,  463,  465 

Lonulacardium  (little  moon 
cardium,  lat.)  Kootii,  514 
Lunulites  (little  moon  fossil, 
lat.),  631 

cretaceous,  616 

Lutmria  (otter  .sAei/,  lat.),  5S6 
Lycett,  Mr,,  on  Upi>er  Lias, 
565 

on  Great  Oolite,  571 

Lycoj>oflitea  (wolf’s  foot  fos- 
sil), 535,  657 

Lydian  stone  (from  Lydia), 
32 

Lyell,  Sir  C.,  on  volcanic  and 
plutonic  rocks,  58 

on  destruction  of 

coasts  by  sea  action,  166 

on  the  Ganges,  166 

on  landslips,  162 

on  bursting  of  lakes, 

107 

on  falls  of  Niagara,  107 

on  shape  of  fragments 

moved  by  water,  169 

on  cycle  of  mutations 

, of  rocks,  172 

Manual  of  Elementary 

Geology,  181 

on  specific  gravity  of 

earth,  226 

on  elevation  and  de- 
pression of  land,  226 

on  lava  be<ls  of  Etna, 

325 

on  craters  of  elevation, 

335 

on  lava  dykes  about 

Etna,  338 

on  intercollinc  spaces 

between  volcanic  lulls,  356 

on  mammals  in  Pur- 

beck  rocks,  416 

on  effect  of  change  of 

position  of  land  on  climate 
of  earth,  421 

on  Hallstatt  and  8t. 

Cassian  beds,  552 
grouping  of  Cretace- 
ous rocks  by,  662 

on  Cretaceous  rocks  of 

New  Jersey,  624 

on  nomenclature  of 

Tertiary  perio<ls,  633 

on  Belgium  tertiaries, 

650 

on  Meioecne  beds,  663 

2 K 


Lyell,  Sir  C.,  on  Crag  near 
Antwerp,  671 

on  Pleistocene  beds  of 

Sicily,  660 

on  fossils  of  the  three 

Crags,  661 

on  flint  implements  in 

drift,  760 

Lyellian  philosophy  the  true 
one,  276 

Lyginodeiulron  (vine  lree),b35 

Lyrotlesma  (lyre  hinge),  465, 
460 

(Mineatum,469 

planum,  462 


Macaccs  ( ? ),  642,  654 

MacAndrew,  Mr.^  found  Fu- 
sus  contrariUB  living  in  Vigo 
Bay,  692 

Maciiliutock,  Captain  Sir  F. 
L.,  brought  Oolitic  and 
other  fossils  from  arctic 
regions,  420,  564 
Macclludus  (pick-axe  tooth), 
565 

Brodiroi,  588 

MacEnery,  Rev.  Mr.,  fossil.s 
found  In  Kent’s  Hole  bv, 
609 

MachairMus  (sabre  tooth),66b, 
663 

Macigno,  652.  716 
Maclarcn,  Mr.,  on  tnio  struc- 
ture of  Arthur's  Seat,  331 
Macles,  or  twin  crj'stals,  24 
Maclurea  (after  Mr.  Maclure), 
460.  465 

Ixigani,  446 

Peachii,  446 

Macranchenia  (great  neck)  697 
Macrocephill  (big  heads),  628 
Macroclicilus  (big  lip),  462, 
465 

ftislformis,  476 

ovalis,  528 

pusillns,  528 

symmetricus,  fig.,  544 

Macropomus  (great  lid,  Le.  gill 
cover),  618,  631 
MacK»pus  (big  foot),  397 

Atlas,  697 

Titan,  697 

I Macrorhynchu8(bi'gimoM/),.*)95 
Macrosemius  (big  mark),  595 
Macrostylocrlnus  (large  stylet 
lily),  488 

Macrotlierlum  (big  beast),  665 
Maerilra  (great  tail),  536 
Mactra  (o  kneading  trough), 
536 

con.stricta,  fig.,  670 

solida,  687 

Madagascar,  f^ossil  binl  in,  698 
Madeira,  lava  dyke.s  in  cliffs, 

339 

Mjrandrastr8r>a  (mo’andcr 
star),  631 

I Ma-anarlna  (winding  like  R. 

1 MtranelerX  564 
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Macs  River,  detritus  brought 
down  by,  111 
MACstricht  G02.  CIS 
Maga.H  {the  briilgf.  of  a Greth 
lyre),  lyi 

jiiindla,  ClI 

Magnesia,  carbonate  of,  ^ 

silicates  of,  3Ii 

Magnesian  liincstouc,  ^ 141 

the,  iil2 

Magiiesite,  3J1 

Magnolia  (after  3f.  Mngnot), 

!m 

Majolica  ( Italian),  14S 
Mallet,  Mr.,  Ib-port  on  earth- 
quakes by,  ‘ISO.  708 
Malm  rock,  liC4 
M.'ilta,  Mciocene  IkhIs  of,  CC4 
Mammalia  {havituj  ttais,  lat.), 
37C 

pwyrmphical  restric- 
tion of  s|>ecies  of,  SO.'j 

fossil  sitceicsof  Rritain 

more  numerous  tluui  living, 
402 


of  Triassic  period,  MO 

of  Oolitic  iH'riiHl,  600 

of  Cretaceous  rock.s, 

none,  630 

of  Koceno  pcrio<l,  6u5 

of  Meioccne  i>eii(xl, 


604 


of  Pleiorene  and  Pleis- 
tocene |*<*.ri(Kla,  6il2 

bones  of,  in  eaves  and 

low  level  gnivcls,  6S5 
Matnmnlifmms  crag,  072 
iMammaliixira  (litiU  laU  pore, 
lot.),  Ml 

Mammoth,  tusks  of,  6M 

found  in  Ireland,  625 

Man  contem|K)runeous  with 
many  extinct  animals,  600 
“ Man  of  war,”  section  at,  865 
Man  is  ( ),  665 

Manon  (soft  Iking),  504 
Mantell,  Dr.,  on  Wealden 
l>eds,  604 

Maps,  geologicn.1  construction 
of,  284,  m 

proof  of  denudation  in, 

2M 

Marble,  or  altered  limestone, 
166 

Marbles  of  Ireland,  143 

of  PentelTeus,  of  the 

age  of  onr  Chalk,  716 
"Marc.ellus  shale,  563 
Mareou,  M.  J tiles,  on  the 
Jura,  5S6 

correlation  of  Oolitic 

and  Jurassic  stories  by,  560 

on  Oolitic  rocks  of  N. 

America,  5112 

on  N(H)comian  rocks, 

MarganVlite  (jawr/  stone),  46 
Maiginella  (a  little  margin, 
lat.),  653 

Marginallna  (Ultlc  margin 
kirul,  lat.),  657 


Marine  ImhIs  above  fresh  water 
ones,  607 
Marl,  123 

Marls,  in  chalk,  614 
PleiskHtene,  in  Wick- 
low and  Wexfonl,  675 
Marlstone,  563.  565 
31arsi|K)branchii  ( pmich 
gUU(l),  378 

Mnrsupialia  (pouched),  377 
Marsuplocrinus  (purse  lily), 
488 

ca-.latns,  474 

Marsupites  (purse  fossil), 

oniatus,  llg.,  616 

MarwtXKi  sandsbine,  500,  510 
Maryborough,  Esker  near,  683 
Mastmlon  (teal  tooth),  663,  064, 
665 

foofl  inside  ribs  of, 696 

angustiden.s,  664,  665 

ATAcmensLs,  670,  692 

gigantcus,  697 

tapiroules,  665 

Mastmlonsaunis  (teat  tooth 
lizard),  378.  551 
Materials  sorted  by  currents, 
180 

Mauritius,  Dmlo  of7  690 
Maury^’s  Physical  Geography 
of  the  sea,  98 

Maximum  densitv  of  water, 
387 

Mayence  basin,  beds  of,  662 
May  Hill  sandsUtno,  467,  4l’>8 
Mechanical  nicks,  51 

accompaniments  of 

trap  n.M‘k-s,  80 

origin  of  elc.avnge,  270 

M(!chanically  formed  nicks 
descrilieii,  110 

Meithticheinis  ( ? mccocJielrus, 
Utujlk  of  haiul),  595 

PcArcei,  57^ 

Medina  sandstone,  485 
Mediterranean  ami  Rod  Sea, 
different  fauna  of,  392 

Rnrcne  lieds  round,  652 

Me<lusn  (name  of  one  of  t?u 
Gorgons),  489 

Me<lusld»e  (medusa  kind),  3S3 
5Ieek,  Dr.,  on  Cretactsius 
mcks  of  N.  America,  624 
Mowiccnis  (big  Aorii)  Hil*cr- 
nicus,  685,  688,  69.3.  694 
Mcgalania  (great  icandcrtr) 
prisca,  698 

Megalic.hthys  (big  Jidi),  537 
MegalOtlon  (great  tooth),  504, 
552,  561 

cucullatus,  501, 502 

triqueter,  552 

MegalonjTc  (great  clau'),  697 
Megilloiis  (big  face),  653 
McgSlosaunis  (great  lizard), 
378.  595,  598.  029.  632 

Rucklamli,  573,  601 

Megaph5'tum  (gre*il  plant),  bS& 
Mepitherium  (big  Iteast),  697 
Mciocene,  meaning  of  term, 
303  I 


Mciocene  jicricxl,  658 

I lieds,  on  Continent, 

I 692 

1 Melampns  QUatk  foot),  653 
Melania  (hUtek  sKeU),  586,  6!<3 

impiinata,  642 

turritissima,  649 

Slelanite  (black  stone),  41 
Malanopsis  fmebiHi^ooking) 
hariia-fonnis,  586 

subfusiformis,  646 

j tricarinata,  6ti5 

I Melaphyre  (Mack  mixtnrr),  77 
j Melolontha  (gr.  name  for  the 
I oxl'tJujfcr),  595 
Menilite  (from  hfenil-Moniant 
near  Paris),  32 
Mercur>\  cluuige  of  colour  in 
coni]iounds  of,  26 
31erinii,  Professor,  of  Basle, 
523 

on  upper  St.  Cassian 

betls,  552 

Meridian  lines  not  paralltd  to 
each  other,  352 
I Merlinus  (f  merilla  ia  a whit- 
! ing,  lat.X  653 
; Mesostylus(wu/d7r.«7riJl»),631 
i MesotyiK*  (mubile  fet-m),  48 
Mesoxoic  (midiUe  life)  t’lHic.h, 
549 

ile.spIlocrlnas  (medlar  lily), 
536 

Metal  or  shale,  122 
Metallic  ores  in  l*eds,  356 
Metals,  list  rtf,  13 

ores  of,  358 

Metomoriduc  (iraTts/ormtel) 
rocks,  54,  156.  165 

of  Alps,  170 

actions,  157 

Metamorjihism  (change  of 
form),  28 

Metamorjthosis  (act  of  chang- 
ing form)  by  water  at  oixli- 
naiy  temperatnrea,  162 

by  st«.^m,  162 

by  diy  heat,  163 

nmnd  masses  tif 

granite,  319 

Metaixdos  (different  from  f 
bear),  666 

MetoptOma  (fonhead  cu  1),  536 
Meyen’s  botanir-al  n^ons, 
385 

Meyeria  (after  Herr  Meyer), 

631 

Vectensis,  609 

Mewps  Bay,  586 
Miiiskite  (from  if  task  in 
Sil/eria),  90 

Mica  (shining,  hitX  40,  4^ 
40,  47 

in  grticnstone,  74 

frequent  ai>pca.rancc  of, 

in  inetaiuoi-jdiio  rocks,  164 

schist,  168 

an«I  gneiss  of 

Ix'inster,  275 

of  County  Dublin, 

391 
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Mica  achlKt  Blnktnglnto  gmu- 
Ito  during  irruption,  aitf 

CreUu:eou8,  710 

Mi<;lieliiiia(after  A/.  Michelin), 

ktliii 

favosn,  fig.,  ii^li 

MicmsU-r  (small  star),  &il 

(’nnuiguiniiin,  fig.,  1116 

MicnilMcia  (little  table),  631 

coronula,  fig.,  012 

M icrwlitvruB  (small  pig),  054 

erinaccuH,  617 

MicrTidon  (smdll  twth),  605. 
632 

MicroI«aU'8  (lUlle  rolAjer),  660 

aiitiquuH,  661 

Microf«’oj>i(;al  structure  of 
crj-stals,  Mr.  Sorby  on,  01 
Microsolf'na  (liUle  pipe),  601 
Middle  Oolitea,  664.  676 

Eoci'.noa,  613 

Midland  cuuntie.s,  Carlwni- 
fcrous  rock.s  of,  61S 
Milidia  (little  millet,  lat.),  3S2 
MillcixjraO/umsaru/  jH>rc,  lat. ), 
604 

Millericrinus  (Miller's  lily), 

Millstone  grit,  109.  619 
Mimosif.e.s  (mimosa  fossil),  653 
Mineralogy,  11 
Mineral,  definition  of,  12 

veins,  366 

MincralK,  foniied  of  simple 
substances,  31 

primary  com- 

[Kninds,  31 

secondary  com- 
pounds or  salts,  32  , 

list  of  tliose  necessary  j 

to  be  known,  56  | 

intei-mediatc  between 

others,  161 

In  vcin.s,  368 

form  the  food  of  plants, 

3SQ 

Mines,  temperature  of  deep, 
221 

in  Cretaceous  nrcks  in 

Greece,  710 
Minettc,  00 
Mining,  ait  of,  367 

terms,  explanation  of, 

376 

Mi.ssissinpl  River,  detritus 
bnmglit  do^m  by.  111 
Mitra(a  mitre,  lab),  area  of, 
307.  610.  663,  663,  675 

scabni,  611 

Mixtures  of  substances  in 
nicks,  63 

Motle  of  occurrence  of  vol- 
canic rooks,  332 
of  de)M)Mition  of  min- 
erals, in  foB.sils,  361 
of  occurrence  of  fos- 
sils, 403 

M(Kli61a  (<t  little  measure, 
lat.),  166 

bipartita,  576 

cunesita,  688 
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Modluln  glondflla,  661 

Mticatlunii,  fig.,  568 

minima,  656 

pallida,  683 

scalprum,  567 

Modiolopsis  (modio/a-hHilino), 
402, 166 

antiqiia,  172 

com]ilanata,  177 

expauso,  fig. , 466 

Moel  Faen,  cleavage  of,  267 

Trifaen,  Pleistocene 

shells  on,  673 

Moher,  cliff's  of,  joints  seen 
at,  220 
AIolas.se,  662 

Molecular  (thanges  in  crj’stals 
of  gj’psum,  118 
Mollusca  (s(>/t  things,  lat.), 

380 

species  of,  longer 

livc<l  than  those  of  Mamma- 
lia, 601 

retreated  8.  in  Pleis- 
tocene beds,  602 
clnssiOcation  of,  cor- 
rected by  Professor  Greene, 
716 

Molluscoidea  (moUusca  like), 

381 

Money,  waste  of,  in  search  of 
coal,  still  going  on,  103 
Monkeys,  geographical  re- 
stric’tinn  of,  31K5 

ifossil,  666,  6i).3,  607 

Monodonta  (single  toothed), 
60.5 

Mnnoicia  (having  one  dwcl~ 
ling),  381 

Blonolitlis  (single  stones), 
imiduction  of,  216 
Mondtis  (single  ear),  Mi2 

decussata,  666 

MonotremStii  (single  orijioed), 
377 

Mon.soons,  cansed  by  irregu- 
lar distributiuu  of  land  and 
water,  380 

Mont  Dor,  trachjtes  of,  61 
Montlivaltia  (from  M.  Mont- 
liviUt)  trochoides,  660 
Montmartre,  g}'iisum  of,  148, 
211 

Moonstone,  11 
Moor  rock,  622 
Moore.  Mr.  C.,  Microlcstcs 
t<K)tn  found  by,  665 

on  Rhtetic  bc<Is,  565 

Mopsaa  ( ),  6.5.8 

Morris’s  catalogue  of  British 
fossils,  161 
Morse,  fossil,  663 
Mortierla  (after  M.  Mortier), 
630 

Mosasaurus  (ifeuse  limrd), 
636 

gracilis,  618 

Hoffmanni,  610 

Moselle,  valley  of,  denuded 
by  subacriol  action,  209 
“ Mother  of  Coal,”  163 
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Motive  power  of  water,  168 
“ Mould”  orextorual  cast  of 
fo.HsiI,  375 

Mount  Brandon,  rocks  of,  406 

Kagle,  406 

Gabriel,  glacial  groov- 
ings on,  686 

Mountain  cliains,  mode  of 
formation,  232 

denudation  of, 

288 

three  kinds  of,  366 

tiurullul  ranges  of, 

361 

one  part  of,  nut 

parallel  to  other,  362 

system  of,  table, 

864 

Muunie  Mountains,  granite 
of,  86,312 

more  inoilcm  than 

that  of  Leinster,  313 
Movements  of  disturbance, 
221 

Much  Wenlock,  46S 
Mud  in  glacier  ice,  164 

Hats,  cliaunels  formed 

In,  166 

in  deejier  parts  of  Bri- 
tish seas,  1 13. 123 
Mulatto  stone,  Greensand  of 
Antrim,  622 
Mules  or  hybrids,  117 
Mull,  Island  of,  Mcioceno? 
beds  in,  668 

Multicrescis  (much  increas- 
ing, lat-X  631 

Murchison,  Sir  IL  classifi- 
cation of  imicous  rooks,  68 

and  Nicol’s  geological 

map  of  Europe,  113 

on  foliation  in  north 

of  Scotland,  277 

on  geologj’of  Scotland, 

of  South  Wales, 441 

on  Bala  beds  of  Scot- 
land, 463 

on  Caradoc  sandstone, 

410 

on  Lesmahagow  rocks, 

405 

on  Caithness,  106 

on  Devon.sbirc,  499 

on  Carboniferous  rocks 

near  Vichy,  531 

on  Pennian  rocks,  511 

on  Aralo-Caspian  beds, 

671 

Murchisonia  (after  Sir  R.  L 
Murchison),  462,466. 662,561 

angnlata,  476 

articulata,  477 

bilineata,  662 

liloydil,  173 

simplex,  462 

Murex  (lat.  name  for  the  shell), 
606 

asper,  fig. , 646 

Muriac.ito,  35 

Murray,  Mr.,  on  geology  of 
Canada,  433 
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Murray  or  Moray  Firth,  Old 
Red  aandstone  of,  41MJ 
Murrough  of  Wicklow,  for- 
mation of,  99 

Muscovite  (from  Mu«covy\  44 
Muscdielkalk  {shell  Itvu),  649 

fosHila,  figured,  55Q 

Musciun  of  Irish  Industry, 
catalogue  of  rocks  in, 

—Cambrian  fossils 

in.  431 

Musk  Ox,  now  d>ingont,399 
Mu8ocarpum(yTT/  W like  apian- 
tain),  635 

Mra(a  mvscle  or  mussel)lata, 
672 

tmneata,  637 

Myacites  (mussel  fossil),  536. 
632 

calceiformis,  588 

decurtiU^  fig.,  614 

Fassaensis,  662 

mandibula,  698 

reourva,  671 

securiformis,  575 

Mvalina  (small  mussel  kind), 
609,  536, 547 

Mycetophyilia  (fungus  leaf), 
631 

Mycetoxoa  (fungus  or  mucus 
animals),  332 

Myliob&tis  (millstone  rayfish), 
653 

Edwardsli,  647 

Mylno,  Mr.  R.  W.,  geologicjil 
map  of  London  by,  637 
My  16don  (millstone  t(>oth),  697 
Myoconoha  (myn  shell,  lat.), 
552.  559.  595 

Myophoria  (mussel-carrying), 
552.  559 

vulgaris,  fig. , 556 

Myoxus  (a  dormouse),  654 
Myriacanthiis  (myriad-spine), 
595 

MvriapMa  (myriad  - footed), 
379 

Myrianitesfmyriad-stonc),  466 
Myriaphyllites  (myriad-leaf), 
535 

MjTipristis  (myriad-saw),  653 
Mj*tlluH  (lat.foramiisscl),  462. 
465.509 

Chemnngensis,  472 

Lyeilii,  695 


Naoklfluk,  682 
Nagpoor,  coalfield  of,  533 
Naiadites  (naias  fossil),  594 
Nnisia  ( ),  653 

Names  denoting  varieties  of 
proportion  in  composition, 
15 

of  formations  not  de- 
scriptive, 264 
Nainur,  coalfield  of,  531 
Nasmyth,  Mr.  J.,  on  Giant's 
Causeway,  659 
Naasa  (a  Jlsh  basket,  lat.X  661 
• reticosa,  fig.,  676 


Natlca  (a  little  buttock),  487. 
663 

ambulacrum,  fig.,  646 

clausa,  688 

elegans,  fig. , 584 

clliptica,  528 

Gaultina,  610 

Gentii,  613 

Greenlandica,  fig.,  681 

hemiclausa,  fig.,  679 

Lcibnitzio,  545 

par\'a,  477 

Nati(!ella  (dim.  of  natica),  5.52, 
659 

costata,  552 

Native  Devil  of  Tasmania, 
697 

tiger  of  Tasmania,  697 

Natrolite  (soda  stone),  48 
Naul,  County  Dublin,  struc- 
ture of  rock-s  at,  394 
Naiimann  proposes  seven 
systems  of  crystals,  23 

Lehrbuch  der  ^gnosie 

by,  59 

on  trap,  66 

on  syenite,  88 

on  eurite,  89 

Nautilidse  (family  of  nautilus), 
626 

Nautilus  (a  little  sailor,  lat.), 
536.  627 

Baberi,  673 

biangulatus,  fig.,  528 

Bowerbankianus,  545 

carinatus,  529 

elegans,  017 

Preieslebeni,  646 

liexagonalis,  650 

hexagonns,  578 

himndo,  660 

imperialis,  fig.,  641 

plicatns,  699 

sinuatus,  670 

truncatus,  670 

ziczac,  66a 

Neajra  (a  sea  nymph),  595.  631 
Nebulii>6ra  (cloudy  pore,  lat), 
401,  465.469 

favulSsa,  445 

Negative  evidence,  nntmst- 
worthiness  of,  415 
N eLson , Capt. , R.  E. , on  iEolian 
rocks,  154 

Nemarauthus  (thread  spine), 
601 

monilifer,  557 

Nematoidea  (threadlike),  SSO 
NCmatiira  (threcul  tail),  653 
Nemertites  (nemertia  is  cer- 
tainty), 465 

Nemoptfira  f ),  605 

Neocomian  nods,  622 
NephSlinc  (cioMdy)dolerite,67 
Nereites  (h’ereus  was  a sea 
god),  46b 

cambrensis,  446 

Sedgwickil,  446 

Nerinfca  (a  daughter  of  Nere- 
us),  552,  559,  695,  632 
Qoodhaim7579 


Nerintea  hieroglTphica,  579 

Voltzii,  tig.,  5:7:2 

Neritina  (gr.  name  for  a sheS), 
696 

Fittoni,  605 

NeritOma  (nerita  cut)  sicaosa, 

583 


Neritopsis  (neritei  lookinff), 
Nettlestone  grits,  644 
Neuroptera  (ncrct  vringed), 
379 

Neuroptiris  (nerre  Jem),  535. 

547 

elegans,  549 

mgantea,  52.5 

linttoniana,  542 

Neutral  salt,  L9 
Nevil,  Mr.  F.,  letter  from,  en 
discovery’  of  mammoth  in 
Ireland,  695 

Newfoundland,  cleavage  in, 
266 

coal-measures,  45S 

Lingula  flags  in,  457 

St  John’s,  slate  of,  457 

Paradoxides  in,  467 

variegated  slate  oC. 

457 

Belle  Isle  shale  ol^ 

457 

Signal  Hill  sandstone 

of,  457 

Carboniferous  rocks  of, 

532 


New  Guinea,  rivers  of,  108 
New  Haven,  section  in  plas- 
tic clay,  638 

Newmine  mck,  sudden  thick- 
ening of,  188 

New  Red  marls  near  Belfast, 
661 

New  Red  sandstone  period, 

near  Belfast,  661 

lie  and  position  of, 

5.67 

New  South  Wales,  Carboni- 
feroos  rooks  of,  58.H 
New  Zealand,  clmlcedony  de- 
posited near  springs  of,  i:i4 
ele^Tition  and  de- 
pression of,  236 

fossil  l>irds  in,  6S»i> 

NiagHra,  falls  of,  107 

j^)ups  of  rxM'.ks,  485 

Nidnlitcs  (little  nest  fossil, 
lat),  487 

favus,  452 

Nile,  delta  of,  112 
Nilsonia  (after  Af.  KilaonX 
551 


Nijiadites  (nipa  palm 
640,  653 

Niso  ( ? ),  653 

iiodm&Ti&(knotty  strings,  lat.  X 
594 


Nodular  concretionarv  astir, 
81 


Notlules,  157 

Noeggemthia (after  Af.  Sriggt- 
rain),  635 


INDEX 


Nomenclature  of  groups  of 
beds, 

of  fonuatiouM,  427 

of  formations,  a pro- 
visional one,  42y 
Norfolk  Island  parrot,  2M 
Normandy,  Crag  in,  lill 
Nortli  America,  Pne-Cam- 
brian  rocks  of,  432 

Cumbrian  rocks 

of,  438 

Lower  Silurian 

rocks  of,  43ii 

Upper  Silurian 

rocks  of,  48i 

Devonian  rocks 

of,  M3 

Carboniferous 

rocks  of,  531 

Politic  n>cka  of,  592 

Cretaceous  rwks 

of,  624 

Eocene  rocks  of, 

652  ' 

Meioceno  rocks  of, 

662 

Pleistocene  rocks 

of,  639 

North  Downs,  chalk  of,  603 

chalk  of,  dips 

under  Ixmdon,  635 
North  England  and  Wales, 
CarbouiflTous  rocks  of,  159 
Northern  drift,  672 
Northern  Europe,  drift  of,  688 
North  of  Ireland,  Pleistocene 
drift  of,  619 

Northumberland,  lend  got 
from  “ chimney  scrapings" 
in,  362 

North  Wales,  cleavage  in,  267 

complex  structure 

of,  324 

Cambrian  rocks  of, 

434 

Cambro  - Silurian 

rocks  of,  441 

Upper  Silurian 

rocks  of,  467 

Northwich,  salt  mines  of,  554 
Norwich  Crag,  672 
Nothotes  (sluggard),  595 

destructor,  5^ 

Nothoc^iras  (bastard  horn),  4S7 
Nothosauius  (bastard  lizard), 
549.  551.  56Q 

Nothosomus  (bastard  body), 
595 

Notidtous  (back  prominent), 
631.  657 

Notopocorystes  (back  looking 
like  a man  in  armour),  631 

Bechei,  611 

Stnkesii,  611 

Nototherium  (south  beast),  697 
Nottinghamsliire,  deep  shaft 
in,  521 

Nova  Scotia,  Carbonifci-ous 
rocks  of,  531 

Nuclcolites(iL'«nteI  fossil,  lat.) 
AgassLzU,  576 


Nucleolites  clunicularis,  bib 

orbicularis,  588 

scutatus,  580,  588 

sinuatus,  588 

Nindnelia  (a  diminutive  little 
nut,  lat.),  653 

Nucnia(a  little  nut,  hit),  465, 
508 

Cobboldii,  ^ 675 

oblonga,  687 

pectinata,  610 

Nudibninciiita  (naJ:ed  gilled, 
lat.),  381 

Nuggets  of  gold,  363 
Nummulites  (money  fossil), 
382. 653 

licvlgatus,  fig. , 645 


ORrEcnoxs  to  Mr.  Darwin’s 
hypothesis  considered,  418 
Oblique  lainination,  189 

section  table.,  718 

01)<')Ius  (a  li(rman  coin,  lat), 
457,  465,  490 

tninsversus,  490 

Obsidian  (properly  OpsUkan, 
or  mirror  stone),  64 
Ocean,  depth  of,  223 

distribution  of  heat  in, 

386 

Oceanic  birds,  geograplilcal 
limitation  of,  395 
Octahedron  (eight  bases),  axes 
of,  22 

Oeulina  (eye-like,  lat),  653 
OdontopnOra  (teeth-ocaring), 
380 

OdontopWris  (tooth  fern), 
535 

OdosUimia  (tooth-mouthed), 
653 

Ogygia  (Ogyges,  anoient  King 
of  Theltes),  455,  460.  465 

Buchii,  fig.,  447 

Selwynii,  447 

O’Kelly,  Mr.  J.,  on  Sleivna- 
mucic  fault.  284 

boulder  measured  by, 

676 

on  granite  boulders, 

679 

Oldham  on  Indian  coal- 
fields, 533 

on  Irish  elks  and 

reindeer,  696 

Oldhomia  (after  Professor  Old- 
ham), 437. 458 

antiquR,  fig. , 437 

radiata,  fig.,  437 

Old  Leighlin,  section  at,  201 
Old  Red  sandstone,  492 

of  Ireland,  lateral 

change  in,  204 

unconfonnnble  on 

Cainbro-Slluiian  rocks,  295 

— — formed  out  of 

granite,  297 

thinning  out  of, 

298 

fre<iucntly  over- 
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lapped  by  Carboniferous 
limestone,  300  ' 

Old  Red  sandstone  and  Lower 
Limestone  shale  only  W’cur 
in  centre  of  County  Dublin, 
303 

fossil  fish,  467 

signifies  a i>eriod 

of  time,  428 

of  8.  W.  of  Ire- 
land, resemblance  to  Cam- 
brian rocks,  439 
Olenus  (name  for  a son  of 
Vuloan),  460,  465 

alAtus,  444 

inicrixnis,  fig. , 444 

Oligochafta  (little  haired),  879 
Oligoclase  (Uttle  cleaving),  44 
Oliva  (an  olive,  lat.),  610,  653, 
663 

Branderi,  fig.,  646 

Olivine  (olit>e-coloured,  lat),  35 
Omi)hJ?ma  ( ? ),  461.  465 

turbinatum,  fig. , 473 

Onchus  (a  tumour),  488. 540 

Murchisouii,  489.  481 

Oncocf  ras  (tumour-horn),  460, 
465 

Oneida  conglomerate,  485 
OuomU^  group,  485 

limestone,  503 

Onyx  (the  nail),  32 
Oolite  (roe  stone),  142 
Oolitic  series  overlaps  in,  300 

— period,  562 

fossils,  characteristic 

of  two  or  three  groups,  588 

mammalia,  600 

Opal  (lat),  32 
Ojialine  allophane,  39 
Open  or  close  joints,  210 

fissures  formed  by 

faults,  248 

Operculata  (with  a lid,  lat), 
380 

Operculina  (lid-like,  lat),  653 

comjdanata,  668 

0])hidia  (serpent  kiml),  378 
OphUeta(  1 ).  462. 465 

compacta,  446 

Ophioderma  (serpent  skin) 
Egertoni,  566 

OphlomorI)ha(«e^Jxn^ybrmet/X 

378 

Ophiopsis  (serpent  - looking), 
695 

breviceps,  587 

OphiQra  (serpent  tail),  559 

prisca,  550 

Hcutcllata,  550 

Wetherellii,  fig.,  640 

0])liiflridca  (serpetU-tail  kitid), 
380 

Ojiis  (one  of  Diana's  nymphs), 
552,  559.  632 

Oplotherium  (?  IToplothe- 
riuin,  armed  beast),  654 
Oracanthus  (hill  spine  f),  537 
Orbicttla  (little  orb,  lat),  381. 

449,  45L  465 
OrbiCTilar  diorite,  75 
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OrbItoIltCB  (n  JiUl«  ?>o7I  or 
wheel,  laL),  131,  030,1154 
Orhituliiia  (a  little  hall,  lat), 
631) 

Orenater  (hill  star),  C31 
Organic  rocks,  &2 
Organically  formed  rocks 
described,  141 

Orgaui5gens  (jnvducen  of 
organs),  list  of,  13 
Ores,  deposltiou  of,  in  closed 
cavities,  357 
Origin  of  rocks,  49 

of  clea\*age,  269 

of  species,  410 

OriskSny  windstone,  485, 503 
Onnerod,  Mr.,  on  Chesliire, 
554 

Ornithorhynehus  (hird-heak- 
ed),  396 

Orodus  (hillock  tooth)  ramo- 
Bus,  lig.,  529.  530.  537 
Orogmpliy,  or  structure  and 
origin  of  mountains,  344 
Oros6ris  (hill  endive),  594 
Orthacanthus  (straight  sjnne), 
637 

Ortbagoriscus  (a  little  pig), 
631 

Orihia  (straight  shell),  400,402, 
465,  540 

Actoniro,  452 

alata,  fig.,  446 

biforata,  456 

calligituuma,  452 

clrcularis,  501, 502 

crenistria,  507 

elcgantula,  lig.,  450, 

472 

flabellulum,  fig.,  450 

insularis,  449 

lata,  469 

lunata.  fig.,  478 

Micheliui,  508 

remota,  443 

resupinata,  508  ; fig., 

527 

reverea,  lig. , 470 

nistica.  472 

striatula,  456 

vespertilio,  449 

virgatn,  452 

Orthisina,  462.  465,  547 
Orthite  (straight  stow),  40 
Orthoefiras  (straight  horn), 
460.  462.  465,  552,  501,  627 

annulatum,  fig.,  474 

Avelinii,  446 

Barrandii,  470 

bullatum,  fig. , 479 

Gcsncri,  fig.,  528 

graclle,  502 

Maclareiii,  474 

scalare,  514 

SteiiiLancri,  514,  529 

vngjins,  440 

ventricoBum,  474 

Ortboccratldu*,  extinction  of, 
640 

Orihoclase  (sbaight  cleaving), 
4.3 


Orthon'tta  (straight  hack), 
465,  477,  490 

nasuta,  449,  462 

Orthoi)U;ra  (straight  winged), 
379.595 

OrycteropuB  (digging  foot),M!> 
Osboni,  Captain  Sherranl, 
iebthyosaurian  remains 
brought  from  arctic  regions 
by,  594 

Osbonie  beds,  C36,  644 
OsnierofdcB  (like  a smelt  or 
odvroxis  fish),  031 

Lewesiensia,  618 

OsteolCpis  (bone  scale),  496 
OstriicMn  (shelleil),  379 
Ostnwi  (on  oyster,  Lat.),  552, 
LliQ 

acuminata,  570 

Bableyei,  664 

dcltoidea,  fig.,  581 

di.storta,  586 

edOlis, 

expansa,  583 

finlHjlliila,  fig.,  645 

frons,  617 

gregaria,  579 

liassicn,  650 

Marshii,  fig.,  509 

l)lacunoidc8,  550 

imnceps,  669 

oclmblOri,  550 

solitarin,  589 

undosa,  577 

vesicularis,  017 

Virleti,  661 

Ostrich,  gcograi»bical  limita- 
tion of  different  species  of, 
394 

fossil,  663 

OtOdus  (ear  ? tooth),  631 

anpendiculfitus,  631 

onliciuus,  fig.,  641 

OtoptCris  (earfern\  535.  570, 
600 

obtusa,  fig.,  566 

Outcrop  of  l)ed8, 

is  proof  of  denuda- 
tion, 283 

Outlier,  proof  of  denudation, 
283 

Outlying  basin,  286 
Overlap  described,  299 

instances  of,  30Q 

Oaibos  (sheep  ox)  maximus, 
694 

Ovilla  (a  little  egg,  lat.),  658 
Owen,  Mr.  Dale,  on  country 
west  of  Lake  Michigan,  456 
Prof.,  presidential  ad- 
dress, 395 

on  StercogniUhus 

ooliticus,  416 

on  Deinosauria, 

598 

on  reptiles  of  Up- 

p<ir  Grecn.sand,  613 
on  Eoceno  mam- 
mals, 656 

ou  Meioctnc  mam- 

nials,  665 


Owen,  Prof. , on  Plclocene  and 
Pleistocene  inamnmls,  6;S< 

Pakeontology  of, 

r»99 

Oxford  clay,  563,  576 
foreign  equiva- 
lents of,  591 
Oxford  oolites,  564.  576 
Oxides,  bodie.s  so  termed,  16 
Oxygen  (acid-producing),  13, 
19,29 

Oxygnilthus  (sharp  jaw),  631 
Oxyrhinn  (sharp  nose),  ^1 

xiphfdon,  664 

Oyster  beds  between  lava.s 
and  a-shes  in  Pleistocene 
dci^osits  of  Sicily,  690 


Pacific  Oceak,  dejKwits  on 
bed  of,  265 

PachycepliAlus  (thick  head), 
653 

Pachyconnus  (thick  trunk), 
595 

Pachyd6mus  (thick  house),  5£i 
Pachygyra  (thick  ring),  591. 
632 

Pachymya  (thick  m^),  631 
Paclmiolophus  (thick  ? ), 

654" 

PachyiitCris  (thick  fern),  576, 

594 

Paeh3rrldz5du8  (thick  fang 
tooth),  631 

Paebyrisma  (thick  support), 

595 

grande,  572 

Page,  Mr.,  Advanced  Text- 
Ixjok  of,  120 

Pagunis  (o  crab,  LatX  595 
Paheaster  (old  star),  463,  405. 
490 

asi)orrimus,  460 

obtusns,  4M 

coronella,  470 

Ruthveni,  478 

Pahcchlnus  (old  echinus),  470, 
540.488 

spba'.ricns,  fig.,  528 

Paheochorda  (ancient  cord), 
464 

mi\jor  and  minor,  445 

PalrcocOma  (old  head  of  hair, 
gr.  and  lat.),  488, 595 

Colvini,  478 

Pala*ocyclus  (old  circle),  4S7 
Palnwliscus  (old  disc),  488 
Pala'oniscus  (old  onis>yus,  gx. 
for  a sea  fish),  5A7,  547 

comptus,  fig.,  543 

catoi>t6ras,  546 

elegans,  542 

glaphjrus,  548 

Palaontology  (science  of  aiu- 
cient  beings),  6,  9,  373 

laws  and  gencraliza.- 

tions  of,  400 

Pala*onyclis  (old  .<*  ),  654 
Pal;t<'»phi.s  (old  snake),  653 
tolinpicus,  642 
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Palfwiphls  Tyiili.TUa,  M7 
l’ala*<  ipygo  (ancient  rump) 
UoiiiHayai,  4.S0 

Palajoniia  {old  bird)  Cliftil, 
606 

PaIuH>saQru8  (ancient  lizanl), 
547.ii6Q 

Paljuothcriuin  (old  beast),  664^ 
655,  656 

(rrasaum,  650 

iiiagiiuiii,  650 

Pala-uzatiiia  (old  zamia),  570, 
604 

Bochcl,  665 

Pnla'ozoJc,  Mu.suu>ic,  an«\ 
Kainozoic,  tumi.s  cxitlalitcd, 
4ao 

ejKKJh,  4S9 

Palagoriitv  (from  Patagonia, 
Sicily),  42 

Palaptcryx  (old  witigless  bird), 
r>!>s 

PalaaUirina  (oUl  star  Hire),  43S 
Palerj'x  (old  snake),  653 
Palirmnia  (name  of  Eneas’s 
steersman),  631 
Pallas  llill,  County  Llmcriek, 
altcnuiti«>n  of  trap  and  car- 
boniferous llincstono  at,  324 
PalinacitcH  ( palm,  lat.),  635 
Palmipedes  latX 

317 

Paloidotherium  (old  armed 
beast),  pn.)i)erly  pallioplo- 
theriuni,  tV.54.  ikio 

annectens.  641 

Paludiua  (a  jn>na  shell,  lat.), 
606 

carinifera,  386 

fliniomin,  He.,  606 

orbicularis,  llg. , 642 

Susscxicnsls,  6U5 

Pandora  (Grecian  name),  536 
Panna  saiulstonc,  603 
Panopica  (a  tenter  nymph,  663 

Norvt*}?lca,  IKI 

Paracyathus  (suie  by  side  cup), 
663 

caryophylliis,  flg.,640 

Parndoxides  (paruilmical), 
455,468 

Bcnnettii,  451 

Forchanin»ri,  444 

Harlani,  457 

Paragcn5sls  (side  by  side  pro- 
duction), 28 

of  minerals,  51 

Parallel  lines  on  curved  sur- 
face, 352 

Parallelism  of  mountain 
ranges,  361 

Parainor])hi8m  (side  by  side 
form),  28 

Paramoudra  (name  given  in 
joke  iiy  a uuarryman),  630 
I^arasmilia  (side  by  side  knife), 

631 

Para-stnea  (side  by  sitle  star) 
striata,  612 

Paris,  contomporanooufl  oro- 
Blon  near,  loo 


Paris  basin,  634 
Parisien  ctago,  652 
Parka,  483 

dccipicns,  4S0 

Panna,  671 

Parr>-,  Sir  R,  arctic  fossils 
bnmght  by,  420 
Parsoustowu,  drift  mounds 
near,  683 

Passage  of  metamorphlc  lub> 
igneous  rock.s,  171 
Pati-sercs  (sparrows,  lat). 
Patella  (/title  dish),  462,  465, 
536,  612 

lati.sslma,  fig.,  582 

mucronatn,  528 

nigrtsji,  513 

vu^ta,  688 

Puvonaria  (peacock-like, 

lat.X 

Pea  grit,  142,  568 
Peace,  Mr.,  of  Wigan,  on 
“ face  of  coal,”  213 
Peatih,  371 

Peak  of  Teneriflb,  335 

violet  of,  891 

Pean  do  SL  Oilles,  on  iron, 

27 

Pearl  sjmr,  34 

stone,  62 

Pebbles  of  Carltonlferous 
limestone  in  the  Limerick 
ashes,  K2 

of  scorlie  In  palaeozoic 

osluts,  83 

iHtach  in  front  of  shore 

of  Wicklow,  22 

Insnchcs,  22 

I>ed8,  545 

In  Chalk,  614 

PeccArIcs,  627 

PecopWri.s  (comb  fern),  589, 
576.  523.  600 

anstralis,  534 

Petden  (a  omib),  663 

aiiimlatus,  588 

arcixatns,  582 

Btuiveri,  617 

Brudigalensis,  664 

dcmi.ssns,  588 

dentatus,  570 

discites,  550 

Hbrosus,  575 

Gorardil,  662 

islandicus,  fig.,  687 

Iw.vigatus,  560 

1amcilo.Hns,  fig. , 584 

Magollauicus,  664 

nitidus,  fig.,  616 

plcbeius,  6<^ 

quadricostatns,  619 

qulnquccostatus,  612 

varan.s,  675 

Valonlensls,  553.  556 

vlniininw,  579 

Poctinibranchiata  (amltgilled 
lat),  380 

Pectuncftlns  (a  little,  pceten, 
lat),  663 

subla*vis,  613 

rariabilis,  300 
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Pcdlcelllna  (foot  cell  kiml, 
lat),  381 

Petlinn  (a  low  or  fiat  thing), 
PcdliK?8  (foal  foot,  lat),  653 
Pegmatite  (axujulated),  20 
Pcldon,  120 

Pclorosaurus  (monster  lizard), 
631 

PeltuTo(taUlike  a pclta,orhnlf- 
moon-shajKd  buckler),  4,b8 
Pcmphlx  (a  blister)  Suensi, 
551 

Pcnnlno  chain.  Carbonife- 
rous rocks  of,  512 
Pennsylvania,  Carboniferous 
roelw  of,  532 

Peiirh>'n  and  Llanlniris  slate 
quarries,  436 

Pentacfcnia  (five  emnia),  631 
PentacrlnuH  (five  star),  525 

Fittoni,  611 

8ub-ba.saltifonnis,  fig., 

610 

PentamCrus  (five  parts),  462. 
464.  467.  4S7,  WU. 

llmestoue,  4^ 

galcntus,  472 

globosus,  462 

Knlghtii,  fig..  478.  4S3 

lens,  Hg. , 470 

oblongus,  fig.,  470 

nndatUM,  462 

PentelIens,Mcioccnc  deposits 
at,  666 

marble  of,  710 

Pentland  HlUs,  Upper  Sihi- 
rian  of,  482 

Pentremites  (projterly  i)on- 
trheinites)  (five  shovel  fos- 
sil), 

Derbiensis,  fig.,  528. 

530 

Peperino,  63 

Percentage  of  existing  spe- 
cies, 6^ 

in  the  throe  Crags,  691 

Percy,  Dr.,  on  Cretaceous 
coal  of  N.  America,  624 

on  occurrence  of  gtxhl, 

364 

Pcriclino  (inclined  about),  44 
Periechoorinus  (containing 
lily),  488 

monilifer,  475 

moniliformis,  fig.,  474 

Periods  of  time  known  from 
onlor  of  bods,  423 

arrangement  of,  430 

Perimlus  (altout  tooth),  65.3 
Pcriscln’Klomiis  (enclosetl 
Aottn*),  536 

Peri3sotlactyla(o(/</  numbered 
toes),  317 

Perm,  kingdom  of,  541 
Penniun  peritxl,  541 

liniHtrfect  reconI 

of,  548 

Pema  (a  gammon  cf  hacttn) 
Mulleti,  603 

Perrey,  M.,  on  oarihqTinlw, 
708 
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Pet&ll&xl«  (bud  axUX  536 
PetalMuH  (bud  tooth),  537 

Ilflatingsise,  llg.,  529 

Petniia  (rocky),  461.  463 

bliia,  4^  4^  472 

elongata,  469 

pleuriradialis,  507 

HubduplicAta,  452 

Petricola  (rock  dweller,  lat.), 
631 

Petrifaction,  374 
a pseudomorphic  ac- 
tion, 13i> 

Petrified  cork,  38 
Petrology  (root  lore),  % 177 
Petrophiloides  (jietrophila  - 
like),  653 

Petrosilex  (rocJt  flint,  latX  ^ 
Petwort.h  inarblo,  6(14 
Pence  (pine),  594 
PhacOduH  (lene  tooth),  651 
Phacopa  (lens  eye\  463.  465, 
490,  503.  504 

apicu)5tua,  fig.,  451 

caudatua,  fig., 474, 475. 

480 

Downingiffi,  480 

InciniatuH,  501 

Iatifn>na,  502 

longicaudfttus,  4 SO 

subhcvia,  471 

PhalAcrua  (bald),  633 
Phaneroganiia(Mpparcnf  gene- 
ration), 383 

Phaneropleuron  (apparent 
rib),  497 

Phaiiurotiiius  (in  an  open 
manner),  536 

Phar3nigobrancbii  (throat-gill- 
ed),  378 

PluuHoolarctoa  (pouch  bear), 
697 

Pha-scolothcrium  (pouch  beast), 
595 

Bucklnndi,  573 

Phaagilnns  (n  stoord),  653 
Phuaiaiiella  (little  pheasant) 
Htrinta,  579 

PliiliipK,  Profeasor,  geology  of 
Yorkshire,  section  from  Lis, 
198 

paper  on  Oolites  by, 

203 

report  on  cleavage  by, 

213 

on  faults  near  Malvern 

Hills,  262 

on  cleavage,  267 

on  c<»ntenn>orancons 

trap  of  N.  of  Englatid,  524 

on  disappearance  of 

Inferior  Oolite,  569 

on  Y’ork.shirc  oolite, 

575 

grouping  of  Cretaceoua 

rocks  by,  602 

on  Pnc-CretaceouB 

erosion,  620 

on  botUders,  673 

PhillipsastnPA  (Phillips'  star), 
536 


PliiUipsia  (after  Prof.  Phil- 
lips), 536 

postnlosa,  509;  fig. , 52S, 

530 

PhlebopWris  (m’n  femX  576, 
594 

Pholas  (a  borer),  595 

crispatus,  687 

Pholadomya  (a  boring  mya), 
567,  595 

acuticosta,  572 

decuasftta,  617 

deltoidea,  575 

equalis,  579 

fldicula,  fig.,  569 

lirata,  fig.,  574 

inargaritacea,  641 

ovalia,  5S9 

PlionOlite  (sounding  - stone), 
63 

Phorus  (a  carrier),  ©1 

CAnolicalatua,  617 

Pbragmoc^ras  (partition 
horn),  487 

ventricosum,  fig.,  478 

Pbyllocoenia  (leaf  coenia), 
631 

Phyll5dua  (leaf  tooth),  653 
Pbyllotheca  (leaf  sheath),  533 

australis,  534 

Physa  (o  bubble)  Bristonii, 
586 

Pbya5n6mns  (bellows  wind  f), 
537 

Physophorlda;  (bladder-bear- 
ing), 382 

Pbytogjra  (bud  round),  594 
Piefa  (pitch  tree,  lat.),  535 
IMcrOaminc  (bitter  sme.ll),  36 
PicUd,  M.,  on  Pala-ontology, 
373 

Pigeons,  varieties  of,  41S 
Piloolus  (a  little  cap,  lat.), 

Pindy,  123 

Pinite  (from  i’ini,  a mine  in 
Saxfmy),  42 
Pinites,  535 

Pinna  (a  flxUher  or  wing,  lat) 
granulata,  581 

Inneeolata,  588 

mitis,  588 

Pinnularia  (little  wing  like), 
535 

Pinsll,  123 
Pipe  <;lay,  122 
PilKS  veins,  357 
Pisces  (flsh,  lat.),  878 
PistKlus  (]wa  t(Mth),  653 
Pis<Mite  (pea  stone),  142 
Pi.solitlc  chalk,  602,  61S 
Pistacite  (from  pisUiehio  green 
colour),  41 

Pistosaunis  (trustworthy  sau- 
rian), 560 

Pitch  (mining  term),  371 
PItchstone,  73 
Pit  eye  (mining  temn),  371 
Pit  or  ordinary  coal,  151 
Pits  Head,  felstono  of,  72 
Pitns,  535 


Plan  and  section  of  utclixied 
beds  fanlted,  249 
Planer  kalk,  623 
Planes  of  stratification,  ITS 
Plauorbis  (flat  orb,  lat),  653 

discos,  649 

euomphalus,  647 

Plants  are  primary  food  of 
animals,  39U 

chiefly  terrestrial,  400 

formerly  in  arctic  re- 
gions, 421 

in  arctic  regions  re- 
quire light  as  well  as  beat, 
421 

in  Llandcilo  flo^,  445 

of  Llaudeilo  flaip),  459 

of  Old  Red  sandstone, 

497 

adapted  for  preserra- 

tion  in  water,  535 
Planuliiti  (lying  flat,  lat),  628 
Planuliua  (a  little  plain,  lat  X 

636 

Plastic  clay,  0.36.  637 
Plateaux  of  basalt,  330 
Platemys  (broad  emys),  631 
Plate  or  shale,  122 
Platycanthus  (flat  spineX  537 
Platycrlnus  (broad  lily), 

509 

Isevis,  fig.,  528,  530. 

536 

Platygn&thus  (Inroad  Jaw),  497 
Platylainus  (flat  throat),  653 
Plat)'potlia  (flat  footX  Ml 
Platfims  (broad  foot),  396 
Plat yrlilni  (bntad  nostrils),  376 
Platyschisma  (broad  flssureX 
487,  536 

helidtea,  480 

PlatysOmus  (brvad  body),  5S7, 

■'.>4 1 

inacrurus,  542 

slriatu.H,  lig.,  543 

Platystoma  mouthX  552, 

559 

Plectr6das  (spur  toothX  4S1, 
488 

mirabilis,  480 

pustulifenis,  480 

Plectrolepis  (spur  scale),  537 
Pleloccne  period,  667 

and  Pleistocene  life, 

691 

fauna,  perha^vs 

I partly  cont«in{x)raneons  in 
j different  pn)vinccs,  693 
j Pleistocene,  meaning  of,  633 

period,  672 

I Plerastnea  (perfect  star),  594 
Plesiosaurus  (near tea  Usard), 

1 378,  595,  599,  613,632 

afflnis,  582 

Berruirdi,  618 

I dolichodeirus,  568 

• PletliiVlus  (crowd  tfx>thX  632 
PlcuracantLus  (rib  spine),  537 
Pleuroccpuia  (t^  ctenia),  594, 
632 

Pleuroc6ra  (rib  doU  f),  ®1 
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Pleurocystltes  (rib  bUulder  ' 

/oMtf ),  ! 

Kugeri,  4X0  j 

Pleunxlicrtyum  (rib  net)  pro- 
blcinaticum.  M)l.  502,  504 
Pleurophftlis  (r<6  gaUe*),  505 
Pleurophoriis  (rib-carrier), 
530.  552.  501 

custatus,  flg..  544 

PUoirorhyiiclms  (fUle  Iteak), 
Phillips’s  name  fur  Conu- 
canliuni.  405 

Pleun»8t«mon  (rib  cheM),  595 

uvatum,  llg..  581 

Pleurot<5ma  ($ide  cut),  053 

colon,  llg. , 040 

Pleurotomaria  (side  cut  like), 
402.  405.  0;<2 

Anglica,  flg.,  501 

antrina,  545 

aspern,  flg. , 501 

carinfita,  528 

elongutA,  5X0 

fl-SHioarina,  4X0 

giganU'a,  008 

gronulilta,  588 

umfita,  flg.,  509 

palliuni,  5X0 

persiwctlva,  61X 

reticulata,  flg.,  582 

nigata,  583 

umPita,  417 

Plicatflia  (a  little  fold  or 
%prinkle,  lat.),  552.  559 
InflatJi,  OIX 

{M'ctlnoidea,  flg.,  OIQ 
ms  (^nearer  ridge),  054 

\nilplceps,  042 

Plioj)ith6cus  (ii^aricr  ape),  064 
Pliosauma  (nearer  lizard), 
582.  595,  599 

Plocoscyphia  (chaplet  cup), 
030 

Plnmaster  (feather  star,  lat.), 
505 

Pluttiuic  rock.s,  58 
Plymouth  gnjup,  500 
Pl)Tilymm«»M  n>cks,  452 
Poacites  (gixus  foxsil),  535, 
593 

Po<locar>’n  (foot  walnut),  594 
I’mlocuphUlus  (head  foot),  053 
Pu<lopbthalinui  ( foot  - eyed), 

379 

PocciliKlus  (various  tooth), 
530.  537 

tmnsA'ersus,  flg.,  52ft 

Poccilopleuron  (carious  rib), 
031 

Polliclpes  (thumb  foot,  lat), 
595 

concinnus,  5X8 

Polyclueta  (many  haired),  3X9 
PolycoiUa  (many  hollows),  54X 

pmfumla,  543 

Polycyphus  (many  curved), 
595 

Polymeric  (many  parts)  iso- 
mori>hism,  25 
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Polynior])hIiui  (jnany  form  i 
kind)  communis,  069  | 

Polyinor|>hIna  liassica,  505  | 

Polypodites  (many /oo(/os«//),  ; 

594  1 

PolyiHim  (many  pore),  43X,  1 
540  ' 

Polyi»orite8  (many  jwTie/iwil),  | 
535 

Polypothecla  (many  footed 
sheath),  030 

Polyptychi'Klon  (many  wrinkle 
tooth),  613 

interruptus,  618 

Polyrhizodus  (many  fang 
tooth),  537 

Polyatichites  ( ? ),  594 

PoJytremAels  (many  hole 
jwint),  031 

Polyzoa  (many  animals),  381 
Pomeroy,  riMiks  of,  455 
POmogn&thus  (lid  or  opercu- 
lum Jaw),  031 

Pomojihractus  (operatlum  de- 
fentied),  053 

Pomiieii  covered  by  ash,  08 
Pondicherry,  Cretaceous 
rocks  of,  0^ 

Pominbonites  (callous  swel- 
ling), 487 
Porcelain  s]wr,  45 
Porcellia  (/i7f/<!  7>ty),  552,  561 

Pnzio,  529 

Porltes,  enonnous  masses  of, 
in  (uiral  reefs,  132 
Porjihyritic  granite,  85 
conghnnemte  in  Cre- 
taceous itM’ks,  024 
Porphyry,  09 

Pormii,  or  pollan,  in  Lough 
Neagh,  398  I 

Porrentmy,  gionpe  dc,59D  i 

Portage  group,  502  | 

] Portland  stone,  142,  .''■03  I 

I Oolites,  564,  58K  583  : 

foreign  equivalents  of, 

591 

Portlock,  General, on  Cainbro- 
Siluriun  rocks  of  N.  of  Ire- 
land, 455 

on  Londonderry,  556 

Portralne  coast,  made  of 
Lower  or  Cainbro-Bilurian 
rocks,  301 

Bala  beds  of,  454 

section  at,  8^ 

Posld5nomya  (Xcjdune’s  mus- 
sel) tloi 

^ Becheri,  514,  528  : 

mcmbranacea,  514 

Post  on  sandstone,  1^ 

and  stall  work,  307 

I Potiunldes  (river-kiiul)  con- 
cavn.H,  047 

Potnmomya  (river  Mya),  595 

gregaria,  640 

Potntoe  stones,  02  j 

Poterioc5ras(g^te<  Aom).  402.  i 
465,  530  ! 

* See  noU',  i>.  738. 


PoterioeSras  approximatum, 
450 

fusifonne,  529 

Potcriocrinus  (cup  lily),  509, 
540 

granulosus,  530 

Practical  ira)iortance  of  un- 
conformability,  299 

importance  of  fossils, 

422 

Pra*-cambrian  periods,  432 
Prase  (a  leek),  32 
Prei-.lpices  and  ]>a.sses  always 
tiie  result  of  erosion,  101 
Prejudice  against  action  of 
heat  considered,  163 
l*rehnito  (after  Col.  Prehn), 
41 

Pressure,  metamorj)hosi8  by, 
157 

Prestwich,  Mr.,  correlation 
of  Eocene  tertiaries,  183, 
651 

thickness  of  lower  Eo- 
cenes fn)m,  636 

on  Bagshot  series,  043 

on  drift  near  Hull,  080 

on  flint  implements  in 

drift,  XQO 

Prinn  (mining  term),  8X1 
Primal  slate,  450 
Primary  compounds,  14 

limestone,  100 

or  palieozuic  epoch, 

432 

Primates  (Jirst  does,  lat),  3X0 
Primeval  granite  not  exis- 
tant,  398 

Primitive  limestone,  160 

ntck.s,  note,  431 

Primordial  fauna  of  M.  Bar- 
niude,  4.'S5,  450 
PrioniMi'pis  (saw  scale),  631 
Prismatic  joints,  213 
PristacanUius  (saw  spine), 
50.'> 

Pristis  (a  «au’),  053 
Pnibosoldea  (having  a pro- 
boscis, lat),  3XX,  004 
Probosciua  (j^roboscis  - 1 ike), 
031 

Producta  (drawn  out,  lat. , pro- 
duced shell),  381,  593,  536, 
547 

nenleata,  527 

horrida,  flg.,  544 

rugutn,  534 

scabricula,  598 

semireticnlata,  flg.  ,526 

Pn>^tU3(«enf  before),  488,  593, 
504 

latifrons,  47b,  480 

PropahiHitherium  (i»  place  of 
paUeotherium),  054 
Prusimii  (protruding  ajKs), 
3X0 

ProtA.ster,  46.S,  4i»r>,  490 

Miltoni,  flg.,  4X9 

Bedgwickii,  482 
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Protfiiiys  (first  emys)  een-Atai 
<309 

Prnt«'iK'n<^  { first  f'yrmeit),  S9 
l*n)toi>ti’ris  (first  fern),  M5 
Protoniis  (former  t/ird),  653 
Prutost'ris  (first  seri*),  594 
l*rotovinnilaria  first, 

Kr.  ; virgula,  a little  rwl. 
Tat.),  4155 

Pnjtozoa  (jrrimary  animals), 
382 

Province!)  of  marine  life,  392 
“ Provfnce,”.|“  station,"  and 
“ time,"  cause  dilference  of 
fossils  m dilfcreut  j)laces, 
407 

Prunocystites  (plum  bladder 
fossil),  488 

Psaliodus  (scissor  tooth),  053 
Psamnu'Klus  (sand  tooth),  fig., 
529. 537 

|M>ro.sus,  530 

PsamniostcJis  (sand  l>one),p^ 
Pscudocrinitos  (false  lily), 
483 

quadrifasciatus,  flg., 

474 

Pseudo-crj'stallino  sandstone, 

ns 

Pseudoilladema  (false  dia- 
dem), 595 

iH;ntagonum,  573 

Pseudoiiva,  (false  oHva),  653 
Pseudomondiiau!  (false  form), 
28 

Pseudomon>l»8»  fonnation  of, 

159 

Pteraspis  (wing  buckler),  488 

Banksii,  430,  431 

tmneatus,  480 

Pterichtliys  (wing  fish),  496 

latus,  497 

Pterimea  (a  little  wing)  465, 
472.  477.  490. 540 

retroliexa,  ftg.,  478 

sublievis,  469 

PtcrocCras  (wing  horn)  595 

Fittoni,  60S 

Pterodacytylia.  598 
PtcRKlactylus  (vHng  finger  or 
toe),  37S,  595,  613,  630, 632 

Xnmii,606 

Cuvieri,  618 

macrOnyx,  668 

PtenVlus  (wing  tooth),  Ml 
PteroiK^ma  (leinfr  pema)  cos- 
tatttla,  572 

Pterophyllum  (wing  leof),5bd, 
576,  594 

comptum,  fig.,  572 

Jaogeri,5iM 

Ptcroj^Odn  (urlng-footed),  380 
Pterosaurian  (vHng  lieard),^!^ 
Ptcrotlieca  (jirfnjr  sheath),  402, 
405.  490 

PterygOtus  (winged),  483,  488, 
490 


Pterygi'diis  gl^,480 

ludciisi.s,  4S0 

pndilematicus,  480 

PtilcHlyctia  (feather  net),  401, 
405.  490 

acuta,  449 

8cali>clluin,  472 

l*ty  chacanthus(tcrtnJ:/«  spine), 

549 

Ptvchocepliilus  (wrinkle 
ftead),  iki3 

Ptj'chocirus  (/oW  horn),  628, 

im 

PtychOdus  (wrinkle  tooth),  (531 

decurruus,  61S 

Ptycliolepis  (wrinkle  scale), 

595 

Ptycliopliyllum  (plait  leaf), 
4S7 

Ptylopora,  549 
Pudding  stone,  116.  639 
“ l^nffing holes,"  fonnation  of, 
220 

Pulchelli  (little  beauties,  lat), 
628 

Pulinonata  (having  lungs), 379, 
380 

Pulvcr  Mnar,  crater  of,  347 
Pumice,  64 

Pupa  (a  doU  or  puppet,  lat), 
636,  653 

in  coal-measurcB,  532 

Purbcck,  island  of,  beds,  563. 
585 

Wcalden  bed  In, 

603 

Purpfim  (]mrple  shell,  lat.) 
lapillus,  688 

tettragonia,  fig.,  670 

Punmrlna  (purpuradiJee,  lat. ), 
595 

motlulata,  588 

Purjmrioidea  Morrissii,  fig., 
572 

Pustuloi)6ra,  632 
Pycn5dus  (thickly  totjthed),  595 

Manttdii,  605 

l*j'cnogonida  (thickly  angled), 
879 

Pygaster  (rump  star),  595,632 

Hemisulc.^tus,58S 

Pj’goptirus  (nmp  fin),  537. 

547 

mandibulSris,  542 

I’j'gllrus  (rump  tail),  632 

pentagonalis,  M3 

I’j'rnmldelhi  (a  little  j/yramid, 
lat),  inacrochcileus  of  Ikda 
lieds  is  like  a,  462.  (353 
Pyrgia  (a  turret),  536 
P^Ina  ( prar-Zilr,  lat.),  631 
l*j-ritomeina(/re  thread),  465 
Pyroclastic  (broken  from  fire) 
materials,  68 
P*yroxone  (fire  guest),  37 
l*}Tula(a  little  j)car,  lat),  631. 


Quadf.bsaxiwtkix,  62S 
yuadraugular  joints,  207 
tiuAqiuiversal  (everyway  tam- 
ing)  dip,  242 
Quarrying,  art  of,  213 
Quartz  (German),  description 
of,  31 

in  trachyte,  62 

fused  by  Parker's  great 

lens,  92 

deposited  from  water, 

134 

rock  or  quartzite,  165 

Quartziferous  pon>h>Ty,  72 
Quebec,  Cambro-&luriaii  fos- 
sils, at,  457 

Quenstedtia  (after  M.  Quen- 
stedt),  595 

hevigSta,  5SS 

QuinquelOciilina  (fine  parti- 
tion, lat),  630 
Haucriua,  643 


Radtolaria  (little  ray  kind, 
lat),  631 

Radiolites  (little  ray  fossil, 
lat),  1531 

Radioi>6ra  (ray  i>ore,  lat),  631 
R.'igstone,  568 

Rain,  geological  action  of.I02 
Raised  beaches,  685 
Rake  veins  of  Derbyshire, 36 5 
Ramsay,  Professor,  on  folia- 
tion, 108 

on  coincidence  of  folia- 
tion and  cleavage  in  N. 
Wales,  276 

on  subaerial  denmla- 

tion,  291 

on  Cambrian  congUune- 

rates,  with  pebbles  of  Prw^- 
Cambrian  rocks,  309 

on  8<!«»tlaud,  432 

section  across  Glyder 

Fawr,  435 

on  Snowdon  roefcs,  44S 

on  Taraunon  shales. 

469 

table  of  American 

rocks  by,  485 

on  trapiMjan  bnuxia, 

546 

oolitic  section  by,  562 

sections  on  margin  of 

map  «jf,  604 

geological  map  of,  667 

on  drift  of  C^ieniorvon  • 

shire,  673 

Range  of  the  Clialk  hills,  008 
llaphiosaorus  • (ovrl  lisani), 

mi 

Raphiost6ma  • (awl  nuntthX 
462.  465.  540 

eqnale,  450 

lenti<ruljire,  470 

Ibiptores  (robtwrs,  lat  >,  377 
Rare  Hi>ociC8  cither  very  new 
or  vciy  old,  398 


acuminatus,  480 
Angllcus,  430 


663 

Pyrullna  (little  pear  kind), 

630 


Properly  Rhnphsiosaurus  and  Rliaphlostoma. 
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Rastritcs(mfce*/ort«,  hit.Xllit), 
405 

|K*n'^'rhma,  Ar.  , 440 

Ruths  in  la-laml,  OW 
li;iviuca  always  causcil  by 
(lenuilation.  liiJ 
Rcailing,  section  at,  638 
Ue<rent  iwriod,  704 
IteU  tk*a  and  Mcditciraiiean, 
ditfcrcnt  fauna  of,  ao2 
Red  Kix»use  purullor  to  .Bri- 
tish islands,  liiUi 
Rod  ochre,  lush  of  Antrim 
basalts,  83 

beds  of,  on  coast 

of  Antrim,  330 
Red  marls,  with  salt  and  gyp- 
sum, 545,  503 

Chalk,  620 

sandstone  and  gyp- 
sum in  Cretaceous  n>ck8, 
024. 

Regions  of  plants,  385 
Regnosaurus  (?  Rcgnon, 
bnMking  ILsard),  031 
Remuiult  on  dimondiisin,  20 
Reindeer  in  Ireland,  005 
Relation  between  extent  and 
coni]x>sition  of  IkkI,  188 

between  gneiss  and 

granite,  210 

bidween  intrusion  of 

igneous  naiks  and  elevation 
of  aqueous  rocks,  344 

between  contents  of 

vein  and  nature  of  sur- 
rounding rt»ck,  304 
Remoiileurides  (oar  skfe,  lat.), 
463.  405 

dorKo-8]>lnifer,  451 

Replacement  i>etrifacti«in,  374 
RejHjrts  of  geological  survey 
of  Canada,  434 

on  geology  of  New- 
foundland, 451 
Re]itiles  of  the  Oolites,  539, 
698 

Reptilia  (cravpJen),  378 
Reptocca  (cneping  thing,  lat ), 

031 

Rcptomultic^iva  (eneiHng 
many  hoUoto,  lat),  031 
Reptotubim.>ra  (creeping  tube 
carrier,  lat),  031 
Requienia  (after  3f.  Requicn), 
031 

Lonsdalei,  008 

RcteiWSra  (net  mre,  lat),  487 
Reticularia  (little  net  kind, 
lat),  382 
Retinite,  73 

Retiolitcs  (a  little  net  or  oaul 
fosril,  lat),  487 
Retzia  (after  Af.  Itetz),  4S7, 
540 

Bailyl,  472 

Reversed  fault,  257 
Rhabdocidilris  (rod  turban), 
505,  032 

Rhalxlophyllia,  (rod  tea/),  032 
RhabdopOra  (rod  poix),  035 


Rluctic  bcils,  554 
Rhnmnites  (Irucklharn  /omU, 
lat)  moltinervatus,  ilg., 
059 

Rbamphorliynchus  (break 
mi),  378 

Rbnyailer  slates  of  Professor 
Sedgwick,  407 
Rhigi,  nagid-rtue  of,  002 
Rhine,  delta  of,  112 

Devonian  rocks  of,  502 

Rhinoccpltillus  (snout  hea/J), 
053 

Rlilnocf  ros  (snout  horn),  005 

iiicisi>'ns,  002 

loittorldinis,  <>08,  C92. 

Sansjiiiiensis,  009 

tichorhinus,  688,  093, 

094 

Rliipiiirdi^pis  f/an  scale),  053 
Rliipidogym  (/an  twist),  594. 

032 

Rldzangia  (root  pail),  031 
Rhiz^Nlus  (fang  tooth),  537 
RhizopOda  (root  footed),  382 
Rliodocriims  (rose  lily),  465, 
509,  540 

costiitus,  530 

Rlionchus  (a  snotit),  053 
Rliono  Valley  in  centre  of 
Alps  351 

RhopalocOma  (club  hair),  483 
Rhyacollte  (stream  stone),  42 
Rhynchonclla  (Idle  beak),  401, 
405 

acuminata,  527 

angiistiferuus,  452  : 

Ilg.,  470 

concinnus,  flg.,  572 

Cuvleri,  Ilg.,  015 

Oibbsii,  60S 

inconstans,  flg.,  582 

latissinm,  012 

naviculn,  472 

ncglecta,  409 

nucftl^  fig.,  478 

octoplicata,  617 

pentagono,  477 

pleunSdou,  Hg.,  503 

rimosa,  flg. , 

splnosa,  flg.,  669 

tetrahedm,  506 

varians,  588 

Wilsoni,  472 

RhvnchopbOra  (beak-bearing), 
505 

Rhynchorblnns  (beak  nose), 
053 

Rhvnchosaums  (snout  lizard), 

600 

Ribeiria  (proper  name),  465 

complamita,  440 

Richardson,  Sir  J.,  i»olar  voy- 
ages of,  103.  398.J594 

Mr.,  on  Anticosti 

Islands,  486 
Richmond  sands,  003 
Richtofen,  Baron,  on  quartz 
erv’sUds  ill  porphyry,  84 
RiihicU,  Dr  , on  Mississippi 
river.  111 


Right  loilcs,  800 
Rissim  (after  Af,  Jtisso),  547 
Rissoina  ({tl;e  a Jiissoa,  lat), 
597 

Rimi'da  (a  little  chink,  lat.), 
595 

Rlngicula  (a  little  grin),  658 
Ripple  or  current  mark,  191 
Rippled  surface  no  evidence 
of  the  depUi  of  water, 
192 

Rise  of  l)cds,  ^3 

River  valleys,  formation  of, 

105 

oRcn  formed  by 

rivers,  292 

Rivers,  geological  action  of, 

106 

amount  of  matter 

brought  by,  110 
that  do  not  form  del- 
tas, 113 

carbonate  of  limo  In, 

125 

Riviere,  M.,  on  felds])ar8  Ui 
rocks,  92 

Roan  Hill,  near  Dungannon, 
fossil  flail  at,  540 
Robulina  ( ? ),  053 

Rock  forming  minerals,  29 

crystal  or  quartz,  32 

salt,  32 

definition  of,  49 

name  for  soudstono, 

120 

descrilKxl,  149 

deposition  of,  186 

blocks,  fonnatiuu  of, 

207 

bods,  fonnatlon  of, 

m 

Rocks,  nnmcnclntnro  of, 
wanted,  8 

formed  of  fused  crys- 
tals, 50 

formed  by  growth  of 

minerals,  52 

altered  by  heat,  54 

mode  of  distinguish- 
ing, 54 

four  great  classes  of, 

54 

the  most  common  va- 
rieties to  bo  learnt,  50 

diviiled  by  Joints  into 

blocks,  207 

more  porous  to. water 

tlinn  to  steam,  343 
Rmlcntia  {gnawing,  lat),  377 
Itogers,  Professor  IL  D.,  on 
reversed  fault  coinciding 
with  axis  of  inverted  curve, 
259 

on  Lower  Silnrions  of 

North  America,  456 

on  American  Hilurians, 

485 

onCarbouiferons  rocks, 

532 

Professor  W.  B.,  on 

Richmond  coalfield,  bii2 
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Rogers,  Messrs.,  on  Paratlox- 
iiles  Harlani,  4.^7 
Rolling  iH)wer  of  water,  109 
“ Rolls  ” in  coal-beds,  190 
Rome,  I’leiocene  beds  of,  071 
Rdmer,  F.,  on  Rhenish  rocks, 

rm 

IU»nald’8  and  Rio.liardson’s 
Chemical  Technology,  139 
Roofing  slate,  “JOd 
Roots  of  volcanoes  shewn  in 
many  islands,  333 
Rosalina  (a  little  rote,  lat.X 

Roscrea,  drift  mounds  near, 
682 

Rose,  Professor,  on  augite 
and  honiblende,  38 
Roslyn  sandstone,  322 
Rostellan,  Cork  Uarbour,  clay 
in,  122 

Rostellaria  (a  little  beak,  lat.), 
631 

carinata,  fig.,  010 

riinosa,  tig.,  640 

iTotalia  (litUe  wheel,  lat),  382 
Rutalina  {little  wheel  kind, 
lat),  394 

caraeolla,  009 

obscura,  045 

omatu,  610 

Rotation  on  axis  of  earth, 
effect  on  winds  and  cur- 
rents, 387 

R4)tch  or  roche,  120 
Rothe-todtliftgende,  342 
Rotifera  (wheel  carrying,  lat.), 
380 

Rottenstonc  described,  147 
Rowley  Hills,  basalt  of, 
nielto«l  by  Messrs.  Chance, 
64 

basalt  of,  329 

Rubble,  120 
Ruby,  note,  32 
Rudistes,  632 

Rudista*  confined  to  Creta- 
ceous periml,  625 
Rugosa  (wrinkled  or  rough, 
hit),  3^  489 

Rule  as  to  inclination  and 
til  row  of  faults,  237 
Rn|u*lien,  630.  662 
Ruskin,  Mr.,  on  Joints,  219 
Rus.sia,  Pleiocene  deposiu  of, 
671 


SABRLLi^  (tandy,  lat ),  536 
Sable  de  Boanchamp,  121 

Fontsinbleau,  121 

Sagennria  (net'/ ike),  535 
SagenopWris  (net-fern),  576. 
394 

Sagittida  (annt;H>-ln7ni,lat).379 
Sagrina  ( ? ),  632 

Saint  Aclicul,  flint  imple- 
ments in  gmvel  of,  701 

Anjou,  Lieut.,  brought 

ammonites  from  New  Si- 
beria, 303 


Saint  Cassioii  beds,  531 

Etienne, coalfield  of.581 

Helena,  plants  of,  392 

Helen’s  sands,  644 

John’s  slate,  New- 
foundland, 431 

Mary’s  Bay,  fossils  in, 

457 

Paul,  volcanic  island 

of,  336 

Salenia  (?  from  salos,  Vu 
shore),  631 

Austeni,  618 

personata,  613 

punctata,  609 

Salicites  (willow  fossil),  594 
Sniins,  grouiie  de,  590 
Salisbury  Crags,  greenstone 
of,  331 

Plain,  60S 

Salt,  common  or  rock,  17 

radicle  theory,  IS 

Salts,  terminations  denoting, 
17 

two  sets  of,  18 

Salter,  Mr.  J.  W.,  on  Cam- 
briiUi  fossils,  436 

and  Morris,  list 

of  fossils  in  “ Siluria,”  445. 
436 

on  fos.sils  in  8u- 

therlandshire,  453 

and  Aveline  on 

so-called  Caradoc  sand- 
stone, 467 

on  Sigillaria,  536 

Salthill,  rewmt  conglomerate 
at,  674 

Santa  Craz,  Teneriffe,  hori- 
zontilly  stratified  beds  of 
volcanic  ash  at,  336 
Sandlierger  on  Devonshire 
rocks,  502 

Sandhills  of  Australia,  154 
Sanguinolites  (little  bloody  fos- 
sil), 540 

plicatus,  309 

Sanidinc  (like  a hoard),  44 
Sandstone,  117 

great  cakes  of,  187 

great  thickness  of,  196 

cleavage  of,  266 

fossils,  404 

Sao  ( ? )» 

Sappmre  (Greek  name)  note, 
32 

Sarcinfila  (a  little  pack,  lat.), 
465.  540 

Sarcophilus(.^c«)i-ioiH»y),  396, 

698 

Sard6njTC  (?  onyi  from  Sardo, 
le.,  Sardinia),  32 
Sarscustones,  6?M 
Sauriohthys  (lisard -fish)  api- 
calis,  551.  557.  559 

costatus,  531 

SaurobatracUia  (lizard-frogs), 
878 

Saurocephilus  (lisard -head), 

631 

SnurOdon  (lisanl-toolh\  631 


Sauropsis  (lizard  - looking), 
595 

Sauropterygia  (lisard-flnned), 
878 

San&serite  (after  De  Sauimitr), 

73 

Saxicava  (rock-hbllotcing,  laL) 
nigosa,  687 

Sawdde  River  and  Valley, 
section  in.  476,  493 
Scaglin  (Italian),  143.  6i3 
Scaluria  (a  staircase,  lat.X  651 

Duciei,  661 

Gaultina,  fig.,  610 

Green landica,  fig.,  687 

retu.sa,  664 

Scalpcllum  (a  tcaljial  or  knife, 
lat.),  631 

Scandinavia,  ele\-ation  of,  229 

gneiss  of,  434 

Cambrian  rocks  of. 

43S 

Cambro-Silorinn  rocks 

of,  453 

Upper  Silurian  rocks 

of,  484 

blocks  fr«jm,  in  Ger- 
many, 688 

ScansOres  (dimhers,  lat.  X 37T 
Scapliites  (skiff  fossU),  62S, 

631 

equalis.  fig. , 613 

gigas,  fig , 669 

Scaph5dus  (skiff-tc/oth),  595 
Sc-aisMite  (c)ub-8t07*e),  41 
ScarlMjiough,  rocks  of,  576 
Scaur  limestone,  522 
Scelfdotherium  (limb~heazt\ 
697 

Schillerspar  (sKining  spar. 
Germ.),  36 

Schist,  foliation  of,  272 
S<‘histose  metamoriddc  rocks, 
167 

Schizaster  (jjjf  if  starX  65S 

Porkinsoni,  664 

Schizopteris  (sjdil  fmiX  594 
SchizMus  (split  to<>tk),  .547 

Schlotheiiui,  344 

Schmerling,  Dr.,  on  fobs£t 
human  bones,  699 
Schoharrie  grit,  503 
Schorl  (from  Schorlau,  Sozc>- 
ny),  45 

Sohorlaceous  granite  of 
Devon,  96 

Sc'houw’s  Botanical  Regions, 

391 

SciamQrus  (sc wr«a-fai/X  te.3 

Sciunis  (shaiie-tail,  Le.,  arjnir- 
rel),  634 

SedlCcida  (rrorm-kijul),  380 
ScOliostoma  (crooked  ««ov/AX 
552,  539 

Scflllthns  (tcorm-sfoae)  linea- 
ris, 433 

Scomhrinus  (mar-kereJ  J fTy 

laU.653 

Scotch  and  Cornish  grarUteA 
comi)ared  by  Mr.  Sorby,  S*5 
topaz,  32 
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Scotland,  Cambrian  rocks  of, 

Cambro-Silnrian  rocks 

of,  463 

— Carboniferous  rocks 

of,  623 

Murchison  and  Gci- 

kie’s  map  (>f,  4S7 

—Old  Red  sandstone  of, 

496 

Oolitic  rocks  of,  689 

Prse-Caiubrion  rocks 

of, 

traps  in  rocks  of,  624 

Upper  Silurian  rocks 

of,  482 

Scott,  Mr.,  and  Professor 
, Haughton,  on  rocks  of 
Donegal,  111 

Mr.  M.  W.  T.,  on 

Shropshire  coalfield,  294 
Scouler,  Dr,,  on  extinct  ani- 
mals, 896 

Scroi>e,  Mr.  Poulett,  on  cra- 
ters, 335 

on  volcanoes  of 

central  Franco,  292 
Scutclla  (a  little  shieUl,  lat.) 

snbrotunda,  684 
Scutibranchiata  (shield-ffilled, 
lat.),.388 

Scylliodus  (scyllia  was  a Greek 
name,  for  a Jish),  831 
Sen  bottom,  nature  of,  around 
British  Islands,  116 

carbonate  of  lime  in, 

125 

carbonic  acid  gas  in, 

124 

cliffs  all  formed  by  ero- 
sion, 180 

water,  composition  of, 

131 

Scarcli  for  coal’ beneath  un- 
conformable  beds,  299 
Secondar>’  compounds,  II 

granite,  312 

epoch,  649 

Second  fauna  of  M.  Barmnde, 
404 

Section,  geological,  construc- 
tion of,  234, 118 
shewing  apparent  late- 
ral shift  to  be  really  vertical, 
26 

shew  amount  of  denu- 
dation, 284 

across  Slie\Tiamuck, 

286 

of  Devil’s  Bit  Moun- 
tain, 288 

of  Lower  Silurian,  un- 

confomiable  on  Cambrian, 
296 

of  Preagh  Hill,  Kil- 
kenny, 298 

across  Arrigle  Valley, 

Kilkenny,  291 

of  llm&itone  and  gra- 
nite, Carlow,  298 
of  County  Dublin,  806 


Section  across  Djoucc  Moun- 
tain, 811 

in  Grace  Mary  Colliery, 

330 

idejU,  of  a volcano,  833 

of  Pne-Cambrian  rocks 

in  the  Highlands,  433 

of  the  Longmynd,  435 

of  Bray  Head,  438 

of  Lower  Silurians  S. 

of  Bala  L<ike,  442 

of  Wenlock  Edge,  468 

of  Cwm  Ceniieu  in  S. 

Wales,  493 

of  the  Dingle  promon- 

torj',  494 

near  Coomhola,'  601 

of  Slievardagh  coal- 
field, 614 

of  S.  Welsh  coalfield, 

516 

of  the  Derbyshire  coal- 
field, 619 

of  the  Celt  Hills,  545 

— of  tlie  Gloucestershire 

Oolites,  663 

of  the  Dorsetshire 

Oolites,  685 

of  Shalcombe  Down, 

Isle  of  Wight,  803 

of  Ueadon  Hill,  Isle  of 

Wight,  838 

of  Belfast  Valley,  881 

of  the  Somme  Valley, 

near  Amiens,  lOl 

oblique,  table  for,  IIS 

Sedgwick,  Rev.  Prof.,  on  fel- 
stone,  89 

his  Introduction  to  the 

Synopsis  of  the  Classifica- 
tion of  the  Pala*ozolc  Rocks, 
168 

on  the  “stripe”  of 

clay  slate,  166 

term  “ foliation”  pro- 
posed by,  188 

term  “strike”  intro- 
duced by,  233,  212 

on  cleavage,  286 

on  structure  of  North 

Wales,  441 

his  Uppg:  Cambrian 

period,  441 

on  Lingula  flags,  443 

on  Plynlymmon  rocks, 

462 

on  Aborystwlth  rocks, 

452 

on  Coniston  rocks,  463 

first  detected  uncou- 

formability  in  so-called 
Caradoc  sandstone,  486 

on  Rliayader  slates, 

467 

on  Denbighshire  sand- 
stone, 481 

on  Upper  Silurian 

rocks,  482 

on  Devonshire,  499 

on  trap  of  North  of 

England,  624 


Sedgwick  on  the  magnesian 
limestone  of  Durham,  etc., 
542 

on  reptilian  fossils  of 

Upper  Greensand,  613 
on  boulders  from  Cum- 
berland, 814 

Sedgwickia  (after  Professor 
Sed{fv:ick),  638 
Sedimentary  rocks,  53 
Seely,  Mr.  1^  on  red  chalk, 
628 

Sehiginites  (seiugo  fossil,  lat), 
533 

Selenite  (moonstone),  85 
Selwyn,  Mr.  A.  R.  C.,  sec- 
tions in  N.  Wales  by,  443 

on  Cambrian  rocks, 

436 

his  labours  in  N. 

Wales,  448 

Semiouotus  (marked  back), 
696 

Semiru,  a volcano  in  Java,  333 
Senft,  M.,  his  Classification 
und  Beschreibung  der  Fels- 
arten,  69 

on  basalt  of  Rowley 

Hills,  88 

on  trap,  69 

Senonicn,  etage,  623 
Septaria  (having  partitions), 
168 

Serpentine  (streaked  and 
vuriegateel  like  a serpent), 
38,  75,  181 

Serpentinite  (serpentine  rock), 

19 

Serprtla  (a  little  creeping  thing, 
lat),  536 

amphislKcna,  618 

articulata,  611 

tetragonn,  516 

vertebralis,  578 

Serpulites  (serjrula  fossil, 
lat),  ^ 490,  549 

dispar,  419 

longissimus,  415 

Sertularlda*,  {little  wreath 
kind),  882,  489 
Sesqui  (one  and  a half,  lat), 
16 

Sesf|uicarbonate  of  lime,  33 
Sesquloxide  bases,  18 
Seven  Churches,  Co.  Wick- 
low, old  harbour  bar  at,  8H4 
Sewalik  Hills,  meiocene  l»cds 
of,  683 
Shale,  121 
Sliunklin  sand,  697 
Shap  granite,  boulders  of, 
613 

Sharpe,  Mr.  D..  on  ammonitcA 
in  Irish  chalk,  822 
on  cleavage  in  Corn- 
wall, 288 

Sheep  and  oxen,  different 
breeds  of,  418 
Shell  marl,  123 
Shells  in  pleistocene  drift.673 
in  S.  of  Ireland,  875 
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8hifl  of  veinu,  flCO 
bhiplcy  Common,  uectlon  nt, 
Ii>3 

Rhoad  atones,  illl 
Rhotovcr  Hill,  coral  rag  of, 

iill} 

Groensancl  of,  620 

Rhropshirc  Conl-meaaiiroH, 
luiconfomiability  in,  204 

Old  Red  sandstone  of, 

402 

Sicily,  pleistocene  deposits 
of,  600 

Riderite  (ironstone),  SO 
Rienna,  pleioccno  IhhIs  of,  671 
Rigandus  f ? ),  6iS 

Rigillaria  («er/Z  stamjKd,  lat), 
503,  5S:>.  M7 

rvniformis,  fig.,  525 

Rignal  Hill  sjiudstonc  of  New- 
foundland, 457 
Silica,  tenixide  or  dcutoxidc 
of  sili(!on,  20 

soluble  or  insoluble, 

27 

solubility  of,  50 

j»rnjM)rtiun  of,  in  fcl- 

Htonc,  72 

in  igneous  rocks, 

Ql 

do]wnding  on 

sjiace  nithcr  than  time,  02 

dciKJsitiou  of,  ill  sea, 

134 

Silicate,  formation  of,  19 

taVile  of,  20 

of  lime,  of  soda,  of 

IMitash,  35 

of  magnesia,  37 

of  alumina,  39 

Rili(;cous  limestone,  144 
Silt,  123 

Riluria  (Sir  R.  L Murchison's 
work),  444 

Riluriiin  (from  old  British  tribe 
Siliires),  441 

Rilurns  (a  shml  fish,  lat.),  653 
Siinosuums  (fiat-nosed  Iwanl), 
551,  560 

Simple  liodics  or  elements, 

12 

Single  lined  faults,  254 
Rinking  in  of  ni|uuous  rock,  in 
consequence  of  protrusion 
of  igneous,  849 
Sinter,  siliceoiLs,  32 
Riphdnla  ( pijie-like),  630 

pyrifonnis,  611 

Silibfmoixjra  (siphon  pore), 
631 

Riplionotrcta  (pipe  perforat- 
ed), 465,  490 

Angliea  472 

micula,  445.  454 

Rirenia  ( ? ),  3u^ 

Rivatherium  (Sim — Indian 
\PhI — beast),  663 
Skerries,  Co.  Dublin,  con- 
glomerate in  Carliouiforous 
limestone  near,  301 
Skiddaw  slate,  453 


Slag,  buTunllon  of,  58 

attempU'd  use  of,  217 

Sbite,  clay, — 166,  265 

mica — or  schist,  168 

Slaty  diabase,  probably  on 
ash,  82 

clca\‘age,  265 

Slicken  si«les,  247,  360 
Slicvardagh  coallicld,  Tij'pe- 
rary,  514 

Slievo  Bcmagh,  Cambro-Silu- 
rian  rocks  of,  455 
Slieve  Bloom,  structure  of, 
2S8 

drift  on,  676 

Slievcnamuck,  bills  and  fault, 
286.  325 

Slinion,  Mr.,  foasils  found  by, 
nt  Ijosmahago,  483 
“Slyne”  of  coal,  212 
Sinaragdite  (green  like  a 
smaragdos  or  emerald),  75 
Smcrwick  lieds,  4X1, 494 
8milotrr>cbu8  (k-nife  top),  631 
Smith,  Dr.W.,  on  the  Oolites, 
562 

Mr.  J.,  of  Jordan  Hill, 

on  drift,  673 

Sinji-h,  Mr.  Warington  W., 
on  iron  ores,  32 
Snow  of  quartz  crystals,  pn>- 
duced  by  Mr.  Jeffries,  50 
Snowdon  range,  cleavi^e  of, 
267 

higher  than  Anglesoa, 

because  more  s|>arcd  by 
denudation,  289 

the  Bala  IhjiI.h  of,  448 

Soft  rc(l  sandstone  of  Mid- 
land counties,  645 
Soil,  formation  of,  155 
i^ilariun)  (a  sun  dial,  lat.), 
595  i 

conoideum,  610 

Solaster  (mm  star,  lat.),  595 
^decurtus  (<«5c  cut  short, 
lat.),  631 

Sohiiiiya  (tube  mya),  547 
8ohln  (a  tube  or  ptjxr),  653 
SolenlU's  (tube  fossU),  594 
Stden()stt\5bus  (tube  fir-cone), 
653 

Sotnendlle,  Mrs.,  Physical 
Geography  of,  ill 
Somme  R.,  Valley  of,  700 
Sopwith,  Mr.,  on  stone  gal- 
leries, or  chimneys  of  smelt- 
ing works,  362 

Sorhy,  Mr.,  on  microscopical 
structure  of  crystals,  58 

on  gmnltc,  94 

machine  for  imitating 

oblique  lamination  l>y,  lOu 

on  ripple  or  current 

mark,  192 

on  slaty  clea\Tigc,  269 

S4)uabicnnc.s,  Manies,  590 
Soundings  between  Indand 
and  Newfoundland,  128 
South  America,  elevation  of 
land  in,  230 


South  America,  foliation  in, 

273 

gnedss  c»f,  434 

Cretaceous  rocks 

of,  624 

extinct  mammals 

of,  697 

Downs,  chalk  of,  603 

Staffonlnliirw  ct'adlield, 

extent  of  bed.s  in,  185 

separation  of 

Thick  coal  in,  188 

roll,  or  swell,  and 

oblique  lamination  in,  19U 

inversion  of  coal 

in,  243 

unconformability 

lM!twccji  horizontal  beds  in, 
•><u 

Wales,  UpiM;r  Silurians 

of,  481 

Old  Red  san<l- 

of,  492 

Carboniferous  rocks 

of,  516 

Spalac5don  (mole  tooth),  656 
S]>alncothcrium  (mole  btxist), 
416,  595 

Bnxliei,  5SS 

Sjmrs  in  veins,  358 
Spntangu.s  (gr.  name  for  the 
genm).  653 
SiMithic  iron  ore,  84 
Si>ecic8  rcstrictcil  bv  climate, 
3S4 

originatetl  in  soattercil 

spots,  391 

vary  in  range,  419 

origin  of,  4 16 

Si'ecifle  gravity  and  extent  of 
bed,  18S 

of  the  earth, 

225 

centres,  391 

Specular  iron,  .32 
Speeton  clay,  619 
Spluvra  (a  s}>h<cre,  lat.),  595, 
632 

eorrogata,  tig.,  608 

Sphiercila  (globe-Jilr),  594 
SphiurexiViius  (sphocre  emi- 
nent), ^ 465,  499 

minis,  475 

Spluerocixrcites  (globe  berry 
fossil),  594 

SpliajivVlus  (globe  tooth),  595 

gigns,  582 

Spha^rohhd  balls  of  liasalt,  216 
Sphii‘.ronitcs  (sphatrt  ft^U), 
463,465 

Litchii,  fig.,  450 

Sphffiro-sidcriui  (ball  iron- 
stone), 34 

Sjihag'slus  (cut  throat  tootJi), 
AM 

Spbonneanthus  (tcedge  spine), 
537 

Sjihcnonchus  (tetdgt  tumour), 
595,  632 

Rphonophyllum  (wtdgt  leaf), 
S:t5.  593 
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Sj)henopti5ri8  (u*c<///c/cnO,535, 
670.  (MH).  m2 

crenfitji,  525 

gracilis,  6«)5 

Sphenosftuma  (tmiffe  sau- 
ria  n),  5f>0 

Hpliyncnwlus  ()fphirra:7ia 

(■fKtth),  (i53 

Sjiilites  (»iwtUd  stone),  a »y- 
nonyiu  for  trappoun  iiHh,ij3 
8i>innx  (thorny,  lat),  1553 
8i»inigcra  (thorn-bcariny,lat.), 
595 

Spirifor  sandstein,  502 
Spiriffra  (spire-bearing,  lat.), 
QQl 

calcaruta,  501 

cri.stfita,  54i 

cultryiigata,  502 

cu.si»i<15ta,  lig.,  508 

diivjunctu  (or  Vernen- 

Ulii),  508 

glabra,  527 

imbricuta,  508 

lineatn,  508 

inacroptcm,  502.  501 

Munstori,  553 

piiiguis,  527 

iiliwitclla,  fig..  470,472 

sj)€ciosa,  501.  502 

Stokeail,  531 

atriata,  508 ; fig. , 520 

subradiata,  531 

Wallcottli,  fig.,  500 

8pirifera  Venieulllii  .schicfer, 
502 

8i)irilllna  (little  sj)ire  kiiul, 
lat.),  .517 

inflina,  505 

Sj>iroglJphu8  (spire  carver), 
530 

Si)irorbi3  (spire  orb,  lat.),  488, 
530 

oarboiiarius,  530 

Spitzbergen,  land  disinte- 
grated by  ice  in,  103 
S|>lint  or  hard  coal,  152 
Bpodnmene  (nsh-Wce  in 
colour),  41 

SiK>radic  origin.s  of  species, 
3M 

SjKindylus  (a  Joint  or  socket), 
031 

spinri.sas,  017 

Sponges  of  the  Chalk,  025 
Spongia  (n  sponge,  laL),  501 
SiKinghhe  (sponge  kiiul,  lat.), 
382 

S<|iialomia  (shark  ray-fish, 
lat.),  595 

Staffoitl-shire,  “ white  rock  ” 
trap  of,  79 

Ithn'tic  beds  in.  555 
Stagonolupis  (deep  scale),  498. 
501 

Stainton  Dale,  rocks  of,  570 
Stalactites  (dropping  stone), 
12ii.  143 

Stalagmites  (dropped  stone), 
120,113 

Stanomoor,  boulders  on,  073 


“Station,”  “provinco,"  and 
“ time,”  three  causes  of  «lif- 
fercnce  In  fossils  at  ditt'er- 
ont  places,  407 
Statuary  marble,  100 
StaurocojiMlus  (cross  head), 
403.  405. 4iW) 

globicci«,  451 

Murchisonia;,  475 

Staurolite  (cross  stone),  39. 301 
Steam  unable  to  penetrate 

t)orc8  which  are  ponueablo 
ty  wat.er,  343 
Stejitite  (fat  stone),  80 
Steep  inclinations  never  pro- 
diKted  near  the  surface,  347 
Stcg5don  (gable  tooth),  663,0t)5 
Stellaster  (»tor-;(/ar,  lat.),  031 
Stcllomisa  ( ? ), 

Stemples,  3^2 

SteneosauruH  (short  lisard, 
properly  stenosaurus),  595 

rostro  minor,  582 

Stonopura  (narrow  pore),  405 

crinlta,  534 

fibrosa,  472 

Stonostoma  (luxrrow  mouth), 
031 

Step  fanlt,  250 

Stephanoea'nia(croicn  cocnia), 
504 

Stephanophyllia  (crown  leaf), 
031 

Dowerbankii,  610 

Sterer>gn.4tlius  (strong  jaw), 
595,  000 

ooliticus,  415,  573 

SterCopsjimniia  (firm  sand), 
653 

Stembergia  (after  M.  Stern- 
berg), 535 

Stigmaria  (^pitted  like)  536,547 

lie<iides,  fig.,  525 

Stilbite  (lustre  stone),  ^ 43 
Stinkstcin,  145 
Stii>en>tones,  section  of,  435 
Stockbridge.  limestone  of  Dr. 

Enmions,  458 
Stiihr,  Mr., *523 
StoiuaiKTHla  (numth  footed)  329 
SWin.ltia  (navwMj/),  595 
Btom.5l7Kla  (mouth  linving),iB2 
Stmncchluus  (mouth  echinus), 
505 

Stonesllcld  slate,  571 

remains  of  mammals 

in,  415 

Stope  (mining  term),  .372 
Stowce  (mining  term),  372 
Stradbally,  Queen’s  County, 
esker  near,  083 
Strata,  variation  of,  177 
Stratification,  177 

irregular,  189 

Stratified  rucks,  53 
Stream  works,  304 
StrephOdes  (turn  the  ira.v),405, 
649 

Rtrcpslptem  (bent  irlnged),370 
Strei>tospondyluB  (twist  ver- 
tebra), 595, 032 


fitroptospondylus  mj\Jor,  000 
Strickland,  Mr.,  on  bone  bed, 
180 

Stricklandia  (after  Mr.  Strick- 
land), 594 

Strike  and  dip  of  botls,  233 
Stringocephalus  (owl  head), 
504 

Durtini,  501.  502 

limestone,  500 

“ Stripe”  of  slate,  206 
Strobllites  (fir-cone  fossU),b94 
Stromatoporo  (stratum  jwre), 
405 

j»laconta,  fig.  600 

striutella.  401,  471 

Strombus  (a  top),  053 

ilartonensis,  fig.,  040 

Strophalosla  (top-like)  5^ 

Gohlfnssii,  544 

StrophOdus  (turn  tooth),  595, 
032 

magnus,  573 

subreticulntus,  57Q 

Stn)phomcna  (turn  nwon), 
402,  405 

areiinria,  469 

complanata,  449  • 

compressa,  409 

conccntrica,  409 

(rrenlstria,  .508 

deprc8.sa,  fig., 413 

euglypha,  fig..  47.S 

Strzolccki,  section  of  New  8. 
Wales  by,  534 

Stuttgart,  Keui»cr  near,  551 
Htygfna  (stygian),  401, 40.3,405 
Stylina  (pUlar-like,  lat.),  594, 

032 

tnbullfora,  579 

Styloctt'iiia  (stalk  cocnia)  631 
Stylocyatbns  (stalk  cup)  mi 
StylophOra  (style  or  pin  carry- 
ing), 053 

Stylosmilla  (stalk,  pin,  or  pil- 
lar knife),  594.  032 
Rubapennino  Hills,  071 
Submarine  forests  and  i>cat- 
bogs,  080 

Succession  of  species,  law  of, 
412 

Successive  surfaces  over  gran- 
ite area,  318 

Buccinea  (amber  like,  lat. ),  053 
Suchosanru8(croco</i/«  lizard), 
631 

Sudden  thickening  of  beds, 

1.88 

do.stmrtion  of  species 

n mistake,  414 

Sness,  M.,  on  Kossen  beds, 
• 553 

Siicssonicn  etage,  052 
SulcoreteiH’tra  (furrow  net 
pore,  lat.),  536 

Sulliv.an,  Dr.  W.  K.,  list  of 
elements  by,  12 

on  nomenclature  of 

silicAtes,  20 

note  on  isomoridiism 

by,  25 
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SulllN-an  on  allotropism,  27 

on  micas,  48 

Sulphate  of  lime,  24 

<leix»sition  of,  130 

Sulphur,  31) 

Sulphuric  acid,  10 
“ Sunday  streak  ” in  traver- 
tine, deiKisitcd  in  piites  of 
mannfaetorics,  121 
Sunshine  at  poles  perpetual 
if  earth’s  axis  were  per]>cn* 
dicular  to  ]ilaneof  her  orbit, 
421 

Siinstone,  44 
Superga  beds,  002 
8upi*osed  iK>sitlon  of  granite 
in  mountains,  310 
Surface  disturlwince  of  cleav- 
age planes,  211 

not  fonned  by  erosion, 

is  verj’  rare,  2SQ 

carving  machinery  of 

earth,  281 

of  denudation  neces- 
sary for  unconformability 
to  exist,  2t)3 

on  Lower  Paheozoic 

formed  before  deposition  of 
Upper,  303 

of  granite  irregular  on 

original  consolidation,  311 

only  slightly  affected 

by  great  deep-seated  dis- 
turbance, 348 

of  ground  has  never, 

except  84'cidentally,  a rela- 
tion to  dip  of  rock  beneath 
it,  348 

Sur\ey,  maps  of  geological — 
require  proper  iutei^reta- 
tion,  209 

Sussex  marble,  604 
Sutherlandshire,  gneiss  of,  432 

Cambrian  rocks  of,  483 

Cambro-Silurian  rocks 

of,  453 

**  Swells  ” in  coal  beds,  190 
Sweden  and  Nora'ay,  rise  of 
land  in,  229 

Swiss  lakes,  country  of,  13tl2 
Switzerland, Cretaceous  rocks 
of,  1522 

Meiocene  Ixxls  of,  1562 

drift  mounds  in,  1583 

boulders  in,  689 

Swords,  County  Dublin,  con- 
glomerate in  the  Carboni- 
ferous limestone  near,  802 
Sycocrinus  (Juj  lUy),  536 
Sy<lney  sandstone,  534 
Syenite  (from  SySne  in  Egypt), 
75,  88 

Syenitio  greenstone,  89 
SiTumetrical  axes  of  crystals, 
21 

Spibathocrinns  ( T ? Uiy), 
636 

Sjmclinal  curves,  239 
SjTidosmya  ( ? 1, 653 

splendens,  642 

8}'nhclia  ( ? ),  631 


SiTiocladia  {folded  together), 
547 

virgulacca,  fig.,  544 

8yringop5ra(pipf  7)orc),465,540 

bifurejUa,  472 

ramulosa,  526 

Systems  of  crj'stals,  21 
and  formations,  411 


“ Table  Ratt  " in  S.  Staff. , 
extent  of,  185 
Table  of  dijrtJ,  713 
of  depth  and  thickness, 

715 

of  oblique  sections,  718 

Tabular  spar.  35 
classification  of  rocks, 

173 


^iew  of  characteristio 

British  fossils,  506 
Taconic  system  of  Dr. 

Emmons,  438.  457 
Tffinifiila  (band  like),  880 
Tsenioptf-ris  (ribband  fern), 
593.  594.  576 

latifolia,  571 

vitUlta,  571 

Taghmon,  County  Wexford, 
Carboniferous  limestone 
near,  296 
Talc  (GerraanX  30 

schist,  168 

Talcheer,  coalfield  of,  533 
Tamping  (mining  term),  872 
Tancredia (after  A/r.  Tancred), 
560 


Tan>'str5phi5us  (icide  vertetra), 
560 


Tapirs,  697 

Tai)irus  an’emensis,  693 
Tam  sandstone,  593 
Tarannon  shales,  467,  468. 471 
Tardigrftda  (slow  going,  lat.), 
379 

Tasmania,  Carboniferous 
rocks  of,  533 
Taxitos  (yew  fossil),  594 
Taxocrinua  (yew  lily),  540. 594 

Orbignyi,  478 

tc.ssaracontadactt'lus, 

475 


Tectibranchiata  (roof-gilled, 
lat.),  381 

Teleosaums  ( far-off  lizard)  295 

a.stheno<Ieirua,  582 

Chapmanni,  568 

Telerpeton  (far  reptile),  498, 
504 

Tclllna  (lat.  name  for  a shell), 
631 

Baltl)Ioa,  687 

solidOla,  687 

Teleostei  (perfect  boned),  878. 
629 

Tenincchinus,  (cut  echinus) 
excavatus,  fig.,  66S 
TeiniMjraturo,  increase  of,  in 
deep  mines,  224 

distribution  of,  in  air 

and  ocean,  386 


Teneriffe,  peak  of,  .335 
Tentacftlite  limestone,  4.S4 
Tentaculites  (tentacle  fossil, 
lat.X  463,  465,  4^  594 

omtans,  475 

tenuis,  479 

Temtichthys  (monstrous  fish), 
653 

TercbelIaria(ItA:ea  auger, 
lat  ),  594 

Terebellum  (a  small  auger, 
lat),  653 

Terebm  (an  auger,  lat.),  653, 
663 

Terebratella  (a  diminutirr 
tnrltratula),  594 
Tcrebratfila  (a  little  bore  hole, 
lat.),  Ml  536 

ampulla.  664 

archaic.i,  562 

biplicata,  fig.,  612 

bisinuata,  645 

cam^.^  fig.,  616,  619 

cariniita,  569 

coarctSto,  571 

digona,  fig.,  572 

fimbria,  M9 

grandis,  fig.,  60S 

hast5ta,  fig.,  526 

impres-sa,  5^ 

intermedia,  fig.,  574 

niaxillita,  572 

numismalts,  fig.,  566 

obo\nlta,  574 

omitbocepliilla,  58S 

pectita,  612 

perovalis,  569 

sella,  fig., 

vul^ris,  fig.,  550 

Terehratulina  (diminutirr  tcre- 
bratula),  631 

striata.  617 

striatOla,  fig.,  641 

Terebrirostra  (bmd  bmi), 
6.31 

Teredo  (a  borer),  631 

antenanto,  641 

Teredin.a  (tendo-lUce),  653 
Termination  of  bed,  185 
Tertiary  clay  slate,  271 

granite,  312 

epotrh,  6S3 

Testacea,  fossil  — ten  times 
more  immerou.s  than  llnng, 
402 

Tetrabranchifita  (four  gillrd), 
380 

Tetragonis  ( four  cornered), 
488 

Tetragonolipis  (four  corner 
.wale).  595 

Tetralophodon  (four  ridge 
tooth),  664 

Tetranieroerinns  (four  part 
li’y),  488 

TetraikWais  (four  Jin),  631 
Textiiiaria  (little  web  like,  lat  X 
547 

Tliala-ssicolla  (stajellyX  382 
Thallassictea  (sea  weasel), 

660 
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Thallogens  (thallus  ffrowen), 
383 

Thanmastr.m  (bwh  star)  ar- 
acbnoidcs,  3x3 

concinna,  Ji88 

Thaniuisciis  (a  little  biuA),347 

dubius,  M3 

Thauct  Sands,  331 

TLe  sea,  geological  action  of, 

Theca  (o  shexith),  460,  465.  490 

anceps,  iZ3 

Forbcaii,  417 

Thecia  (having  ftariitiona),  487 
Thecidiuni  (a  box-like  thing), 
552,  559 

triangnlarc,  588 

ThScodontosaurus  (sheath 
tooth  lizard),  M7 
Thocosiidlia  (sheath  knife),  594 

annularis,  flg. , 58Q 

Thccosum&ta  (sheath  bodied), 
380 

Tliecocyathus  (sheath  cup),  594 
Theonoa  ( ? ),  694 

globosa,  663 

Theories  of  fonnation  of  gold, 
absurdity  of,  363 
Thetis  (goddess,  daughter  of 
Neptune),  631 

m^jor,  613 

minor,  608 

Thibet,  table  land  of,  322 
“ Thick  coal  ” of  S.  Staf- 
fordshire,splitting  up  of, 188 
Thickening  of  rock  sometimes 
sudden,  188 

of  Carboniferous  slate, 

510 

Thickness  of  earth’s  crust, 
227 

of  bods,  mode  of  de- 
termining, 2516 

Third  fauna  of  M.  Barnmde, 
464 

ThomastowTi,  Kilkenny  Co., 
structure  of  country  near, 
297 

Thomsonite  (after  Dr.  Thom- 
son of  Glasgow),  43,  48 
Thracia  ( ? ),  595 

deprcs.sa,  (Ig.,  582 

Three  causes  of  change  in 
siKicies  of  fossils,"  station,” 
‘‘  province,"  and  " time," 
400 

Thrissonotns  (77irisstw  baxk'), 
695 

Throw  of  a fault,  245 
Thurman,  M.,  on  Neocomian 
beds,  662 

Thuytes  (Thuya  tree  fossil), 
674.  594.  632 

expauBus,  571 

Rurrianus,  605 

Thyellina  (stormy  ? ),  595 

Thylacinus  (pou^y),  396 

cynocephaius,  698 

Thylftcolgo  (pouch  lion),  695 


ThylicothCrium  (pouch  beast), 

595 

Tierm  del  Fuego,  cleavage  of, 
273 

mountain  of,  still 

partially  submergCAl,  5123 
clay  state  of,  Cre- 
taceous age  of,  624 
Tilestoue,  468.  476 

fossils,  480 

Tilgatc  beds,  604 
Till,  672 

Time  required  for  action  of 
denudation,  289 
“ station,"  and  " pro- 
vince,” cause  difference  of 
fossils  in  different  places, 
407 

Timor,  elevated  coral  reefs  at, 
344 

Tin  ore,  mode  of  occurrence 
of,  364 

Tintagel  8late,clcavago  of, 268 
Tipperary,  great  fault  and  de- 
nudation in,  286 

drift  mounds  near,  682 

Tlresias  (name  of  a blind  pro- 
phet), 464,  465 

Titanomys  (Titan,  mouse),  662 
Toadstonc  of  Derbyshire,  un- 
even surface  of,  5122 

lead  veins  above  and 

below,  365 

Tomogn5thu3(cu(tinj7jgip).651 
Tongrlen,  etage,  650 
Torbanehill  coal,  151 
Torres  Straits,  volcanic  Is- 
lands of,  82 

extinct  volcanoes 

among  coral  reefs  of,  are 
like  Limerick  trap  district, 
327 

Total  extinction  of  species, 
390 

Tourmaline,  45 
Tourtia,  623 
Toxaster  (bow  star),  631 
Toxoefiras  (bow  horn),  628 
Toxodontla  (Ixno  toothed),  277 
Trachearia  (having  trachece, 
laU.  879 

Traehyderma  (rouyA  gfcin).463, 
490 

antiquissimum,  446 

coriaceum,  477 

Iffive,  450 

squamosum,  479 

Trachydolerlte,  59,  67 
Trachyte  (rough  stone),  59 
ana  dolerite,  associa- 
tion of.  340 
Trade  winds,  388 
Trainorc,  limestone  at,  454 
Transition  rocks,  note,  431 
Transitions  from  bed  to  bed, 
197 

Transport  of  earthy  matters 
by  the  ocean,  114 
Transverse  cleavage,  265 


Trap,  meaning  of,  69 

horizontal  beds  of,  1)6- 

tneen  beds  of  limestone, 
326 

Trap  dykes  and  veins,  329 
Trappean  rocks,  ^ 320 

sandstone,  119 

ash,  81,  82^  325,  448, 

523,  658 

breccia,  Permian,  545 

Tmvertine  (Tihurstone),  126. 
143 

Tree-fossil,  passing  through 
several  l>eas,  181 

stumps  In  submarine 

bogs,  686 

Trcm5tis  (having  a slit),  402, 

465 

Trem5t6iia  (full  of  holes),  380 
Treni5tasaurus  (perforated 
saurian),  549 

Trem61ite  (from  Tremola, 
Switzerland),  88 
Trenton  limestone,  45i6 
Ti6toceras  (bored  horn),  470, 
487 

Tretosternon  (perforated 
breasthoM),  595.  632 

Bakevcllil,  606 

Triossic  period,  M9 
Trlhuters,  Cornish  mining 
term,  372 

TricJirpellitcs  (threc-fruitlel 
fossU),  653 

Trichinopoly,  Cretaceous 
rocks  of,  624 

Tricholdes  (hair  like),  464 
Triconudon  (three  cone  tooth), 
416.  595 

Tridacna  (thrice  biting)  fossil 
in  Timor,  1513 

Trigonia  (three  cornered),  552. 
559.  695 

clavellata,  flg. , 582. 584 

costftta,  579.  588 

candilia,  60S 

Dff-4lnlia,  60S,  613 

pribbosa,  flg..  584 

Goldfussii,  flg.,  572 

impressa,  572 

incurva,  flg.,  584 

TrigOnocarpuu  (ihrec-comered 
fruit),  535 

Trig6noc6ras  (triangular 
horn),  536 

Trigonosemus  (three-comer 
semus  f),  631 

l3rra,  612 

Triloblta  (three-lohed),  379 
Trilobites,  459,  639 
of  Bohemia  and  Scan- 
dinavia compared,  455 
Triloculina  (three  partitions), 
653 

cor-angninnm,  645 

TriI5ph6don(tArcc-rfdgc  tooth). 


664 

Trimmer,  Mr.,  on  the  drift, 
673 


• Thrissas  is  the  Greek  name  for  a flsh. 
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TriinorphouH  (triple -formetl) 
bfxlifcs,  2li 

Trinuclfua  (three  kertud,  lat.), 
455.  461.  46;<.  4ii5 

cnncentricus,  4M 

flnibriatus,  llg.,  441 

Lloydii,  441 

seticornis,  451 

Trioiiyx  (three  elate),  595,  653 

inoransatua.  650 

Tripang  (Malay  name)  feed- 
ing on  coral,  132 
Tristychius  (P  trhtichos,  triple 
furrow),  537 
Triton  (a  sea  god),  653 
Tnadidla  (a  little  trochvs, 
lat.),  536 

priaca,  528 

Trocliocyiltlius  (trochvs  cup), 
694 

conulus,  flg.,  610 

MfKJrei,  566 

TroclionGma  (trochvs  thread), 
462 

triolnctum,  470 

Trochosmilia  (tro^its  knife), 
694 

sul(!Ata,  609 

TrochOtOma  (trochvs  cut),  595 

annuloides,  573 

Troclius  (a  boy's  top),  48L  619 

Holopa**  of  I3ala  beds 

allied  to,- 462 

monilifer,  647 

iiiiiltitorqnatUR,  470 

tritorquntns,  470 

Tn’iplion  (nourishment)  Bub- 
nodosum,  642 

Trofdeal  kind  of  climate  for- 
merly in  British  Islands, 
420 

Troi)ida«ter  (keel  star),  695 
Trough  faults,  260 
Tmncatulina  (a  little  trunk 
kiml),  630 

Tubbing  (mining  term),  372 
TubulibrouchiAta  (tube  gillcd), 
380 

Tuff,  volcanic,  67 
Tullow  and  Hacketstown, 
widtli  of  low  granite  surface 
at,  318 

Tullv  limestone,  503 
Tunbridge  Wells  sand,  605 
TurlH-llaria  (little  mob  sort), 
380 

Turblnolla  (like  a little  top), 
653 

Bowerbankii,  645 

TurlKj  (a  boy's  top,  lat;  the 
name  giren  by  the  Romans 
to  a whelk),  487 

Cycloneniaa  subgonuB 

of,  462 

Turf,  or  peat  beneath  sea 
round  all  the  coasts  of  Ire- 
land, 68 

Tiironien,  ctage,  623 
Turrilites  (little  tower  fossil), 
628.  031.  632 
cost-atus,  fig. , 615 


Turitflla  (u  lUtlc  turret,  lat), 
Ilolopella  resembles,  462 

communis,  688 

con  cava,  .58.3 

panulata,  613 

inerassata,  676 

reallata,  550 

Tutmen  (mining  term),  872 
Tylostoma  (callosity  mouth), 
631 

Tympanopliora  (hell  carrying), 
594 

Tyndall,  Dr,,  on  glaciers,  104, 
246 

on  cleavage,  270 

Typhia  (?  from  typlios,  smoke), 
653 

pungens,  647 


Udotka,  630 

Ulodendondron  (scab  or  scar 
tree),  535 

Dlophyllia  (scar  leaf),  594 
Uncites  (hook  fossil,  lat) 
gryphus,  502 

porrectus,  501 

Unconformability  and  over- 
lap, 293 

of  Cambro  - Silurian 

rocks  on  Cambrian,  295 

neglect  of,  money 

wasted  in  StaflTordshire  bv, 
299 

]>metical  imi>ortance 

of,  299,  559 

of  Upper  and  Lower 

Palspozoic  rocks  of  Dublin 
proved  by  inspection  of 
maps  only,  303 
Under-clay  beneath  coal,  199 
Underlie,  372 
Unia.xial  mica,  40 
Unieardium  (one  heart,  lat.X 
595 

Uniclinal  curves,  242 
Uuio  (lat.  name  for  a pearl 
shell) 

Mantdlii,  flg.,  606 

; — Valdensis,  005 

Unite<l  States,  Carlsjuiferous 
rocks  of,  582 
Unstratified  rocks,  53 
Uii  watering  of  niine,s,  369 
Upper  Church,  Tipperary, 
coal  squeezed  in  contortions 
at,  238 

U pper  Cambrian  of  Prof.  Sedg- 
wick, 441 

Caradoc  rocks,  467 

Cretaceous  rocks,  609 

Eocene  groups,  MI 

Greemsaud,  6U 

Hcadon  be<l3,  636 

Lias,  563,  565 

Llandoven'  rocks,  466, 

468  ■ 

Ltidlow  rock,  475 

Old  Red  s;mdstone,469 

Oolites,  564  , 58 1 

St  Casslan  l>eds,  552 


Upi<er  Silurian  period,  466 

fossil.«4  in  Boheniis 

and  Seandinavt^  484. 
Upthrow  fault,  undens  spaof 
between  anticlinal,  aa-1 
narrows  that  l^etwecn  syn- 
clinal  outcrops,  252 
Uidlirow  or  u]s:ast  uf  afaolt 
245 

U]>tilting.  mountains  of.  S50 
Upware  near  Ely,  Coral  Bag 
at,  620 

Uralite  (from  Vral  U<mn- 
tains),  39 

U raster  (tail  star)  Gaveyl.  56S 

prima'vtis,  4S2 

“Uret,”  meaning  of  wonfa 
ending  in,  1^ 

Uronemus  ( ? tail  (knad^ 
537 

Urstis  (bear,  lat)arveracnsB, 
693 

Rpelseus,  6SS,  ffiS 

Usk,  Wenlock  rocks  at,in 

river,  493 

Utica  state,  456 


VAOiNcrujffA  (litHe  Aath, 
lat.),  594 

Vnleuciennca,  coalfield  of.  531 
Valleys  always  caused  by  de- 
nudation, 283 

of  one  kind  only,  3M 

of  Rhone  and  ChaBOO- 

nix,  351 

of  Somme,  8ccti<« 

across,  791 

Van  Diemen’s  Land,tesselawd 
_ ]»avcmcnt  in,  218 
Variegated  asln^stos, 

slate  of  N ewfoundbujtl, 

457 

Varieties  of  faults,  246 

of  breixis,  417 

Vari51It«  (smallpox  stone,  Ut.), 

78 

Varions  degrees  of  clunal* 
inlluence,  389 
Vartry  river,  delta  of,  160 

\Txlley,  granite  boulder 

in,  678 

Va-scuJfiris  (vasendar,  latX 
383 

Vc^table  kingtlom,  3S3 
V eins  of  igneous  rock,  53 

of  granite,  315 

of  trai».320 

mineral,  fallacious  ap- 

l>earance  of  connection  be 
tween  age  of  ro«;k  or  igne 
ous  origin  of  rock  and,  365 

mining.  368 

minerals  in,  358 

Velella  (n  little  sail,  latX  4S® 
Venericardia(renw  cardimn, 
lat X 645 

Ventilation  in  coal  mines,  36-* 
Ventriculites  (lilUe  bdlf 
fossil,  lat  X 639 
decurren.s,  615 
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Ventriculites  ra«liatus,  CIS 
Venus  (grxldeM),  C13 

»merconaria,  iM4 

tridacnoidea,  6C4 

Vennetus  (vaorm-liktX  536 
V enniculoiia  (wom-uJte,  lat. ), 
5»S 

Bopnoriensis,  fig.,  64C 

coiKMiva,  C13 

Veniiilia  {yx>rm.-like,  lat.),  647 
Verneuil,  M.  Ed.  de,  on  thick- 
ness of  Upper  Greensand, 
028 

on  Aralo-Caspian  beds, 

611 

Vcmeuilina  (after  M.  de  Ver- 
neuil), 1530 

VcrrQca(aicart,  lat.X  631 
Vertebraria  (like  a vertebra, 
lat  ),  533,  503 

Indica,  534 

Vertebriita  (having  vertebree, 
lat.),  376 

Vertebrate  animals  not  yet 
found  in  Combro-Silunan 
rocks,  464 

Vertical  clilTs  formed  by  sur- 
face of  bed,  near  Loop 
Head,  County  Clare,  242 

extension  of  faults,  263 

Verticillitcs  (spindle  fossil, 
lat)  anastomosons,  611 
Vespertilio,  654 
Vcsiivian  (from  Vesuvius),  40 
Vesuvius,  of,  IQI 
Vienna  tmsin,  602 
Vincularia  (chain-like,  lat), 
536.632 

Virginia,  carboniferous  rocks 
of,  532 

. Volcanic  rocks,  58,  332 

glass  or  olisidian,  64 

tuff  or  ash,  61 

grit,  110 

cones  of  older  geologi- 

cal  periods  not  preserved, 
833 

cmptlons,  snpposed 

cause  of,  3i3 

Volcanoes,  proof  of  internal 
heat  from,  224 

Voltyin<»e8  of  Eifcl  long  sub- 
sequent to  valleys,  201 
of  Eastern  Archipe- 
lago, 333 

generally  near  to,  or 

in  the  sea,  343 

existing,  extent  of, 

706 

Voltixia  (after  M.  Volts),  547 

hcterophylla,  549 

Philipsii,  443 

Volfita  (o  volute  or  spiral, 
lat),  619.  631 

Lamberti,  fig., 668 

Inctatrix,  fig.,  646 

Rathicri,  640 

scabricula,  fig. , 646 

Wetherellil,  lie.,  641 

Volvaria  (like  the  yolk  of  an 
egg,  lat),  653 


Von  Buch  on  cleavage  in  Nor- 
way, 273 

on  crate.rs  of  elevation, 

335 

Von  Decken  on  the  Rldne 
rocks,  502 

Vug  (Cornish  mining  term), 

372 

Vulvrtlina  (little  wovib-kind, 
lat.),  594 


Wacke  (German)  or  clay- 
stone,  SO 

either  ash  or  decom- 
posed trap,  83 
Wadhurst  clay,  605 
Waianainatta  shales,  534 
Wairua  river,  depression  of 
land  about,  230 
Walchia  (after  M.  Walch), 
535 

Wales,  Cambro-Silurian  rocks 
of,  441 

Walferdin,  M.,  on  temperature 
of  deep  wells,  225 
Walker’s  earth,  475 
Walls  of  a lode,  359 
'Wallsall,  limestone  at,  471 
Waltcrhausen  on  lava  dykes 
about  Etna,  388 
Wusdale  Crag,  blocks  drifted 
from,  673 

Wash,  delta  of  rivers  in  the, 

114 

Water,  power  of.  In  motion, 
109 

natural  colour  of, 

115 

Wnterstones,  545,  553 
Watt,  Mr.  Gregorj*,  on  co- 
lumnar basalt,  215 
Weald,  denudation  of,  time 
required  for,  290 
Wealden  be^,  563.  602, 

604 

Weathering  of  rocks,  158 
Weaver,  Mr.,  on  supposed 
beds  of  granite,  317 
Webbina  (after  Mr.  Webb), 
594 

Webster,  Mr.,  on  freshwater 
beds  of  Isle  of  Wight,  643 
Websteria  (after  Mr.  Webster), 
658 

Welsh  words,  pronunciation 
of,  449 

Wcnlock  grits,  467 

edge,  468 

limestone,  468,  471 

shale,  471 

fossils,  473 

rocks  of  North  Ameri- 
ca, 485 

Werfen  iKsds,  652 
Wemorite  (^cr  Werner) , 41 
Westbury,  wue-bed  at,  565 
West  Nab,  rocks  of,  576 
Wetherellia  (after  Mr.  Wether- 
ell),  653 

variabilis,  640 


703 


Wexford  County,  low  because 
of  denudation,  280 

Cambrian  rocks 

of,  436 

drift  marls  and 

shells  in,  675 
Wheal  (for  huel),  372 
Whitecliff  Bay,  sections  at, 
643 

White  traps  of  Canada,  73 
“ White  rock”  trap  of  Staf- 
fonlshire,  79, 80 
Wicklow  County  micaceous 
greenstone  of,  74 

new  land  forming  along 

coast  of,  100 

metamorphosed  rocks 

of,  163 

Cambrian  rocks  of,  486 

limestone  gravel  in, 

675 

Widtli  of  a fault,  246 
■Willson,  Mr.  W.  L.,  on  cre- 
vices formed  along  joints, 
219 

■Winze  (mining  term),  872 
Wissenbach  slates,  502 
Withain,  Mr.,  descrijition  of 
Cockfleld  Fell  dyke  by,  329 
on  microscopic  struc- 
ture of  coal,  153 
W^olf,  last  in  Ireland,  699 
Wollastonite  (after  Dr.  Wol- 
lastone),  35 
Wood  asbestos,  38 
W'oodocrlnus  (Mr.  Wood’s 
lily),  536 

Woodward,  Mr.,  Manual  of 
MoUusca  by,  666 
Woolhopc  or  Barr  limestone, 
468.  471 

Woolly  elephant  and  rhino- 
ceros, 681 

Woolwich  and  Reading  bods, 
638 

Worburrow  Bay,  586 
Worth  Sands,  004 
Wren’s  nest  near  Dudley, 
dome-shaped  elevation  of, 
847.  471 

Wright,  Dr.,  of  Cheltenham, 
on  Rluctic  beds,  665 

on  Upper  Lias,  565 

Wychwo«Kl  Forest,  673 
Wylcy,  Mr.  Andicw,  on  dolo- 
mitic  rocks  of  Kilkenny, 
162 

Wj-nne.  Mr.  A.  B.,  on  coal 
in  the  Cambro-Silurian 
rocks  of  Tipperarj',  238, 
454 

on  Devil’s  Bit  Moun- 
tain, 288 

boulder  sketched  by, 

676 

on  esker  near  Bor- 

risokane,  684 


Xiphodmn  (sword  tooth), 
664  . 


764. 
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Xiphosara^«iron2  taiUd),  879 
Xulionospnonites  {woody  pod 
fouU)  879 


Yale  and  Bala  fault,  i4S 
Yellow  sandatoue,  MS 
Yellow  Sea,  detritua  delivered 
into,  119 

Yoredale  series,  522 
Yorkshire,  lower  oolites  of, 
675 

Oolites  different  from 

Oloucoaterahire,  203 


Yorkshire, Chalk  rests  on  Lias 
in,  020 

Ypreaien,  syst^ie,  651 

ZaMIa,  576,  693 

Zainites,  (zamia  fossil),  594 

Zaniiostrobus  {samia  cone), 

Zauthopsis  (zanthus-looking) 
tub«!rculatus,  fig.,640 
Zaplirentis  ( 7 ),  487,  540 
Zechstein,  542 

Zeolites  {boil  stone),  summary 
of,  48 


Zengl5don  {yoke  tooth),  665 
Zingesi  River,  detritus  in, 

107 

Zircon  {serk,  a precious  stone, 
Arabic), 

syenite,  89 

Zoontharia  {animcd  fUnoer 
kind),  381,  489 

Zoisite  (after  Baron  Zois), 

41 

Zone  de  Rudistes,  £23 
Zones  of  depth  in  sea,  885 
Zonop5ra  (fceZt  port), 

Zoology  and  botany,  378 
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